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(54) VerttcaOy-aligned (VA) Gquid crystal display device 



(57) A vertkally afignment mode Gquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disctosed. The cfisdosed liquid crystal cfisplay 
device uses a Bqutd crystal having a negative aniso- 
tropic dielectnc constant and orientations of the fiqukl 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost hcrizonlal vvtien a predeter- 



mined voltage is applied and oblique when an 
intermec£ate voltage is appGed. At least one of the sub- 
strates includes a etnicture (20) as domain regulating 
mearKs. and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique oriema- 
tiORs of the liquid crystal when the intermediate voltage 
tsappfied. 
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Description 

The present invention relates to a liquid crystal display (LCD), and more particularly to a verticaily-aliqned (VA) 
LCD. 

Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT. it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a thin-film transistor (TFT) type LCD (TFT LCD) 
has been adapted to pUiic welfare-related equipment such as a personal cofrputer, word processor, and OA equip- 
ment, and home electric appliances including a portable television set. and expected to further expand its market. 
Accordingly, there is a demand for further improvement of image quality. A descrption will be made by taking the TFT 
LCD for instance. However, the present invention is not limited to the TFT LOO but can apply to a sinple matrix LCD. a 
plasma addressing type LCD and so forth. GeneraOy. the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. 

Cuaehtty. a mode most widely adopted tor the TFT LCD is a normally-white mode that is inplemented in a twisted 
nematic (TN) LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
Contrast and color reproduct)ility provided by the TN TFT LCD have surpassed those offered by the CRT However, the 
TN LCD has a critical drawback of a narrow viewing angle range. This poses a problem that the application of the TN 
LCD is limited. 

In an effort to solve these proWems. Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 
proposed an LCD adopting a mode referred to as an IPS moda 

However, the IPS mode suffers from sIcmt switching. At present, when a motion picture representing a fast motion 
is displayed, drawbacks indixiing a drawttacK that an image streams take place. In an actual panel, therefore, for 
improving the response speed, the afignment film is not rubbed parallel to the electrodes but rubbed in a direction 
shifted by about 15*. However, oven when the cfirection of rubbing is thus shifted, since the response time pemiitted by 
the IPS mode is twice longer than the one permitted by the TN mode, the response speed is very tow. Moreover, when 
rU)bing is canied out in the direction shifted by about 15°, a viewing angle characteristic o* a panel does not become 
uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle 

As mentioned above, the IPS mode that has been proposed as an alternative tor solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle diaracteristic are reuffident A verttoaBy-aligned (VA) mode using a vertical af gnment film has been pro- 
posed. The VA mode does not use a rotary polarizatfon effect whfch is used in the TN mode, but uses a birefringent 
(dottle refraction) effecL The VA mode is a mode using a negative fiquid crystal material and vertical alignment film. 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black display appears. 
When a predetermined voftage is applied, the liquid crystalline molecules are aligned in a horizontal direction and white . 
display appears. A contrast ffi (fisplay offered by the VA mode is higher than t^ 

speed is also higher, and an excellent viewing angle characteristic is provided for white di^lay and Wack cfisplay The 
VA mode is therefore attracting atlentton as a novel mode for a fiquid crystal dfeplay. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is, a problem that 
the light intensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast than ■ 7 
the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing angle or 
a viewing angle characteristic, because even when no voltage is applied, liquid crystalline molecules near an alignment 
film are aligned nearty vertically. However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
acteristk:. 

It is known that viewing angle performance of a liquid crystal display devfce (LCD) in the TN mode can be inproved 
by setting the orientatfon directfons of the fiqiid crystalline molecules inside pixels to a pforafity of mutually different 
directions. GeneraOy. the orientation direction of the fiquid crystalline molecules (pre-tilt angles) whch keep contact with 
a sti>strate surface in the TN mode are restricted by the cfirection of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs tfie surface of the alignment film in one directton by a doth such as 
rayon, and the liquid crystalline molecules are orientated in the ntting <firectk)n. Therefore, viewing angle performance 
can be inproved by making the ni3bffig directton different inside the pixels. 

Though the ntting treatment has gained a wide appfication, it is the treatment that rubbs and consequently, dam- 
ages, the surface of the alignment fflm and involves the problem that dust is lately to occur. 

A method which forms a concavoKX)nvex pattern on an electrode is known as another method of restrtoting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the swface having the concavo-convex pattera 

It is known that viewing angle performance of a liquid crystal display device in the VA mode can be inproved by 
setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different direc- 
tions. Japanese Unexamined Patent Publicatton (Kokai) No. 6-301036 discloses a LCD in which apertures are provided 



3 



CJopied trom 10/^^611/ on 0^-0:5-2004 



EP0 884 626 A2 



on a counter electrode. Each aperture taces a center of a pixel electrode and oblique electric fields are generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are cfivided into two 
Of tour directions due to the oUique electric fields. However, the LCD disclosed in Japanese Unexamined Patent Pubi\- 
cation (Kokai) No. 6-301036 has a problem that its response (switching) speed is not enough, paniculariy. a response 
speed tor transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a half of a 
pixel size, a time for all liquid aystafline molecules in each area to be oriented in one direction becomes long. 

Further. Japanese Unexamined Patent Publication (Kokai) No. 7-199193 discloses a VA LCD in which slopes hav- 
ing different drections are provided on electrodes and the orientation directions of the liquid aystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent PubBcation (Kokai) No-7-199193 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half o( the pixel, therefore, all Gquid aystalline nwlecules faces the slopes are inclined, a good 
Wack display cannot be obtained. This causes a reduction of corrtrast. Further. incGnation angles of the slopes are small 
because two or tour slopes are provided across each pixel. It is found that the gentle slopes cannot fuDy define the ori- 
entation directions of the Bqiid crystalline molecules. In order to reafize steep slopes, it is necessary to increase a tNck- 
ness of a structure having stopea However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the fiquid crystalline molecules do not change their 
orientations when a voltage is appfied due to the accumulated charges. This phenomenon is so-called a bum. 

As desatoed above, there are some problems to reafize a <fivision of orientation directions of the liquid crystalline 
moleciies for inpioving the viewing angle performance in the VA LCD 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA fiquid crys- 
tal display exhtoiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 
it while permitting the same contrast and operation speed as the conventional fiquid crystel displays. 

According to an embodiment of the present invention, in the VA mode employing a conventional vertical alignment 
film and adopting a negative Bquid crystal as a liquid'crystal material, a domain regulating means is included for regu- 
lating the orientation of a Bquid crystal in which liquid crystalline molecules are afigned obliquely when a voltage is 
applied so that the orientation wQI inctode a plirafity of directions within each pixel. The domain regulating means is pro- 
vided on at least one of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes). 
The incfined surfaces include sufaces which are almost vertical to the substrates. Rubbing need not be performed on 
the vertical alignment f Bra 

In the VA LCD device, when no voltage is appfied. in alnrost afl regions of the liquid crystal other than the protru- 
sions, liquid crystalfine molea^es are aligned nearly vertcaBy to the surfaces of the suljstrates. The liquid crystai'Bne 
molecules near the inclined surfaces also orientates vertically to the incfined surfaces, therefore, the liquid crystalfine 
molecules are inclined. When a voltage is appfied. the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the sutwtrates. when a direction of tilt is not defined by c;arrying out rut>- 
bing, the azimuth in which the &quid CTystal&Te molecules tilt due to the electric fiekte includes alt directions of 36(r». If 
there are pre-tBted liquid crysiaffine molecules. sunouncSng fiqiod crystalline molecules are tilted in the Erections of the 
pre-tilted aystalfine motecules. Even when rubbing is not canied out. the directions in which the Bquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the Bquid aystalline moleciJes in 
contact with the sufaces of the prrtrusions. When a voltage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to tfie electric f ieUs. 

As mentioned above, the incfined surfaces fill the role of a trigger tor determining azimuths in which the fiquid crys- 
talfine molecules are aligned witti appfication of a voltage. The incfined surfaces need not have large area. With small 
inclined surfaces, when no vottage is applied, the fiquid crystalline molecules in almost aU the regions of the fiquid-crys- 
tal fayer except the incfined surfaces are afigned verticafiy to the surfaces of the substates. This can result n a neariy 
perfect tilack display. Thus, a contrast can be raised 

Reference will now be made, by way of example, to the accompanying drawings, in which: 

Figs. 1 A and IB are diagranre for expfaining a panel structure and an operational principle of a TN LCD; 

Rgs. 2A to 2C are diagrams for expfaining a change of viewing according to a change of viewing arKle in the TN 

LCD; 

Figs. 3 A to 3D are diagrams for explaining an IPS LCD; 

Fig. 4 is a diagram gh/mg a definition of a coorcfinate system employed in studying viewing of a liquid crystal display 
as an exanrple of the IPS LCD; 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6A and 68 are diagrams showing examples of changes in display luminance levels of di^lay in relation to tfie 
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polar angle: 

Rgs. 7A to 7C are diagrams for explaining a VA LCD and problems thereof; 

Figs. 8A to 8C are diagrams for explaining rubbing treatment; 

Figs. 9A to 9C are diagrams for explaining principles of the present invention; 

Figs. 10A to IOC are diagrams for explaining determination of an orientation by protrusions: 

Rgs, 1 1 A to 1 1 C are diagrams showing examples of the protrusions; 

Figs. 12A to 1 2C are diagrams showing exarrples of realizing the domain regulating means; 

Rg. 1 3 is a diagram showing overall configuration of a liquid crystal panel of the first errixxfonenl; 

Rgs. 14A and 14B are cfiagrams showing the structure of a panel in accordance with a first errbodiment; 

Rg. 1 5 is a diagram showig the rdatioriship between a pattern of protrusiors and pxels in the first embcdimfent; 

Rg. 16 is a diagram showing the pattern of protrusions outside a display area of the first entodiment; 

Rg. 1 7 is a sectional view of the LCD panel of the first enrAxxJiment; 

Rgs. ISA and 18B are diagrams showing the position of a liquid-aystal injection port of the LCD panel of the first 
embodiment; 

Rg. 19 is a diagram sha*ring contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Rgs. 20A and 20B are diagrams indicating a change in response speed accordir^ to a change of spacing between 
protrusions in the panel o* the first embodiment; 

Rg. 21 is a diagram irxJicating a change in switching speed according to a change of spacing between protrusions 
in the panel of the first embodiment; 

Rg. 22 is a diagram showing a viewing angle characteristic of the panel of the first emtxxfiment; 
Rgs. 23A to 23C are diagrams showing changes in display kminance levels of the panel of the first entodffnent; 
Rgs. 24A and 248 are diagrams showing changes in display lunaiance levels of the panel of the first entxxftnent; 
Rg. 25 is a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phased 
differerx:e film; 

Rgs. 26A to 26C are dagrams showing changes in display luminance levels of the panel of the first efrtxxSment 
having a phase-difference film; 

Rg. 27 is a diagram for explaining occurence of light leakage near the protrusk)ns: 
Rg. 28 is a diagram showing a change in transntittance according to a change of applied voltage: 
Rg. 29 is a diagram showing a change in con t ra st ratio according to a change of applied voltage; 
Rg. 30 is a diagram shoMing a change in transmittance of white display according to a change of height of protru- 
sions in the panel of the frst embocfiment; 

Rg. 31 is a diagram sho*ftng a change in transirtttance of black display according to a change of height of protru- 
sions in the panel of tfie Test embodiment: 

Rg. 32 (s a (fiagram showing a change in contrast ratio according to a change of height of protruswns in the panel 
of the first embodiment; 

Rg. 33 is a diagram showing a pattern of protrusions of the second embodiment; 
Rg. 34 is a diagram showing a pattern of protruskxis of a third embodiment; 

Rg. 35 is a diagram showing a modification of the pattern of protrusions of the third embocfiment; ^ 

Rg. 36 is a diagram showing an alignment of liquid crystalline molecules near apk:es of the protrusions; 

Rgs. 37A and 378 are (SsLgrams showing shapes of protrusions of a fourth embodiment; protrusions: 

Rgs. 38A and 388 are digrams showing a structure of a panel of a fifth embodiment: 

Ftg. 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth embocfiment 

Rg. 40 is a diagram showing an example of afignment of Bqiid crystalline molecules at a connection of slits; 

Rg. 4 1 is a diagram showing generations of domains in the panel of the fifth embodiment 

Rg. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Rg. 43 is a dia^m showing generations of domains at comers of the protruskxis arxl slits in the panel of the sixth 
embodiment; 

Rg. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment 
Rg. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodinnent; 
Rg. 46 is a sectional view of the LCD panel of the sixth embodiment: 

Rg. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth ent>odin>ent; 

Rgs, 48A to 48C are cfiagrams showing changes in display luminance levels of the panel <rf the sixth entxxiiment; 

Rgs. 49A and 498 are (fia^ms showing a modificatton of pattern of pixel electrodes of the sixth embodim^; 

Rgs. 50A and 508 are diayams showing a pattern of pixel electrodes and a structure of a panel of the severrth 

embodiment: 

Rg. 51 is a plan view of pixel portkm in a LCD pand of the seventh embodiment; 
Rg. 52 is a diagram showing a structure of a panel of an eighth embodiment 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth embodiment: 

Fig. 54 is a diagram showing a pattern of protrusions a panel of a ninth en^odiment; 

Fig. 55 is a plan view of pixel portion in a LCD panel of the ninth errtxxiiment: 

Fig. 56 is a diagram showing a rrxxlification of pattern of protrusions of the ninth embodiment; 

Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode: 

Fig. 58 is a diagram for explaining a problem occunred in a structure using zigzag protrusions: 

Fig. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schlieren structure is 

observed: 

Fig. 60 is a diagram showing a region where response speed are reduced: 

P»gs. 61 A and 61 B are sectional views of the portions where the response speed is reduced; 

Figs. 62A and 628 are cfiagrans showing a fundamental arrangement of a protrusion with respect to an edge of 

pixel electrode in a tenth embodiment; 

Fig. 63 is a diagram showing an arrar^emenl of protrusions in the tenth embodiment; 
Fig. 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 

Rgs. 65A and 658 are diagrams for explaining a change in orientation direction by inadiation of ultraviolet light: 
Fig. 66 is a diagram showng a mocfification of the terrth embocfimeni; 

Figs. 67A to 67C are dagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 
electrode; 

Fig. 68 is a diagram for explaining desirable anangements of the depressions and an edge of the pixel electrode; 
Figs. 69A arxi 698 are cfiagrams showing des^able arrangements of the protrusions and edges of the pixel elec- 
trode: 

Figa 70A and 708 are diagrams showing a pattern of protrusiorK of a eleventh errtxxliment 
Fig. 71 is a diagram showing an example in which discontinuous protnisions are provided in each pixel; 
Fig. 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth en*odiment; 
Fig. 73 is a diagram showing a mocfification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Fig. 74 is a diagram showing a modTication of shapes of the pixel electnxJes and protrusions of a twelfth embodi- 
ment; 

Fig. 75 is a diagram showing a pattern of protnjsions of a tWrteenthembodirnent; 
Figs. 7^ and 768 are sectional views of the third embodiment; 

Figs.77A and 778 are diagrams showwig an operation of a storage capacitor (CS) and a stmcture 

Figs. 78A and 788 are diagrams showing an arrangenrient of prrtrusiorK and CS electrodes da fc^ errixid- 

iment; 

Figs. 79A and 798 are cSagrams showing an anangement of sfts and CS electrodes of a modification of the four- 
teenth embocGment; 

Figs. BOA and 808 are diagrams showing an arrangement of protrusions and CS electrodes of an another mocfifi- 
cation of the fourteenth embcxliment; 

Figs. 81A and 818 are diagrams showing an anangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 

Fig 82 is a diagram showing a pattern of protrusions of the fifteenth embodiment; 

Figs. 83A to 83D are diagranrc for explaining afignment changes of the liquid crystalline molecules in ttie fifteenth 
embodiment; 

Fig. 84 is a diagram showng a viewing angle characteristic of the panel of the f ifteentti en*odiment; 

Figs. 85A to 85D are cfiagrams showffig changes of response times between gray-scale (evels in the fifteenth 

embodiment IN LCD, and oth^ VA LCDs; 

Figs. 86A and 868 are diagrams showing an anangement of protrusions of a nxxiification of the fifteenth embodi- 
ment; 

Fig. 87 is a diagram showing an arrangement of protosions of another mocfification of the fifteenth enixxfiment; 

Fig. 88 is a diagram showing an arrangement of protmsions of another mocfification of the fifteenth errtxxfenent; 

Fig. 89 is a diagram showing an anangement of protrusions of another mocfification of me f ifteerth entxxfiment; 

Figs 90A and 908 are diagrams showing a structure cjfprcrtrusions of a sixteenth entxxlimen^ 

Fig. 91 is a diagram showing an arrangemert of protmsions of the sixteenth embodiment; 

Figs 92A and 928 are diagrams showing a stnjcture of a panel of a seventeenth embodim^; 

Fig. 93 is a diagram showing a structure of a panel of a eighteenth entxxfiment; 

Fig. 94 IS a diagram showing a structure of a panel of a nineteenth embocfiment; 

Fig. 95 is a diagram showing a structure of a panel of a twentieth embocfiment; 

Fig. 96 is a diagram showing a structure cjf a panel of a modification of the twentieth embodiment; 

Fig. 97 is a diagram showing a staicture of a panel of another modification of the twentieth »T*)odiment; 
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Fig. 98 is a diagram shovt-ing a structure of a pane! of another modification of the twentieth ernbodiment; 

Figs. 99A and 99B are diagrams showing a structure of a panel of a 21st errtxxiiment; 

Rgs. 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment division; 

Figs. 101 A and 101 6 are diagrams showing a structure of a panel of a 22nd embodiment; 

Fig. 102 is a diagram showing a structure of a panel of a 23rd embodimerrt; 

Figs. 1 03 A and 103B are diagrams showing a structure of a panel of a 24th embodiment; 

Fig. 1 04 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied; 

Figs. 105A and 1058 are diagrams showing a structure of a panel of a 25th embodiment; 

Rg. 1 06 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 

length between protrusions is measured; 

Rg. 1 07 is a diagram showing the relationship of response time with respect to the gap length; 
Rgs. 1 08A and 1088 are dagrams showing a relationship of a transmittance with respect to a gap between protru- 
sions; 

Rgs. 1 09A and 1098 are diagrams showing an operational principle of the 25th ennbodiment; 
Rg. 110 is a diagram shoeing a stnicture of a panel of a 26th embodiment; 
Rg. 1 1 1 is a diagram shcwring a viewing angle characteristic of the panel of the 26th embodiment; 
Rg. 1 12 is a diagram showing a pattern of protrusions of normal types; 

Rg. 1 1 3 is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the liquid crystal; 

Rg. 114 is a diagram showing a pattern of protrusions of a 27th entxxliment; 

Rg. 1 15 is a diagram sha^nng a relation between an applied voltage and transmittance; 

Rg. 116isadiagramsh<Mririgapattemofprotrusionsof a28th ennbodiment; 

Rg. 1 1 7 is a diagram showing a pattern of protrusions of a 29th embodiment; 

Rg. 118 is a dia^^am showing a pixel structure of the 29th entafiment; 

Rg. 1 1 9 is a diagram showing shapes of protrusions of a 30th embodinwnt; 

Rg. 1 20 is a diagram showing a change of transmittance accordng to a change of height of protrusions: 
Rg. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 
Rg. 122 is a diagram shwving a change of transmittance in white level according to a change of height of protru- 
sions; 

Rg. 123 is a diagram showing a change of transmittance in black level according to a change of height of protru- 
sions; 

Rgs. 1 24A and 1248 are diagrams showing pixel structures of an modtfication of the 30th entxxJiment; 

Rgs. 125A and 1258 are cfiagrams showing shapes of protrusions of a 31st enixxfiment; 

Rg. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer in a 

panel of the VA LCD: 

Rg. 127 is a diagram showing a relationsh^ b^ween a relative luminance of white level arxJ a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Rg. 128 is a dagram showing relationships between transmittances and a retardation of Bquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Rg. 129 is a diagram showing relationships t>etween response times and a gap between pro'irusions at respective^- 
wavelengths in the panel of the VA LCD; 

Rg. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Rg. 131 is a diagram showing a structure of a panel of a 32nd embodiment; 
Rg. 132 is a diagram showing a stox^ure of a panel of a modification of the 32nd enixxJiment; 
Rg. 133 is a diagram showing a staicture of a TFT substrate of a 33rd embodiment; 
Rga 1 34A and 1348 are diagrams showing a pattern of protrusions of the 33rd emlxxiiment; 
Rg. 135isadiagram6howmga6tajctureofapanelofa34th embocfiment; 
Rgs. 136A and 1368 are c^grams showing a pattern of protrusk)ns of the 34th embodffnent; 
Rgs. 1 37A to 137D are <fiagrams showing a process for producing a TFT substrate of the 35th enixxliment; 
Rg. 138 is a diagram showing a structue of a TFT substrate of the 35th entxxfiment; 
Rgs. 1 39A to 1 39E are cfia^ams showing a process for producing a TFT substrate of the 36th enixxliment: 
F(gs. 140A and 1408 are dia^ams for explaining a problem of dielectric substance on an electrode; 
Rgs. l4lAand14l8arediagramsshowirigastructureof protrusionsof a37thembodiment; 
Rgs. 142Ato 142E are dia^ms showing a process for producing protrusions of the 37th embodiment; 
Rg. 143 is a diagram showing a strijcture of protrusions of a 38th entxxJiment; 
Rgs. 1 44 A and 1448 are diagrams showing a change of a shape of a protrusion due to baking; 
Rgs. 145A to 145E are diagrams showing a change of the shape of the protrusion according to baking tempera- 
tures; 
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Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
trusion; 

Figs. 147A and 147B are diagrams showing protrusions and a forming condition of the vertical alignment film: 
Figs. 148A to 148C are diagrams showing an example of a method of forming protrusions according to a 39th 
embodiment: 

Figs. 149A and 148B are diagrams showing an another example of a method of forming protrusions according to 
the 391h embodiment: 

Fig. 150 is a diagram showing an another exarrple of a method of forming protrusions according to the 39th 
errbodiment: 

Figs. 1 51 A and 151 B are diagranre showing changes of a repellent occurrence ratio accorcfing to the ultraviolet light 
irradiation: 

Figs. 1 52A to 1 52C are dayanre showing an another example of a method of forming protrusions accading to the 
39th embodiment; 

Figs. 1 53A to 1 53C are dia^ams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Rgs. 1S4A and 154B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment: 

Figs. 155 A and 155B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment: 

Fig. 156 is a diagram showving a tenrperature condition of the method shown in Figs. 155A and 1558; 

Figs- 1 57A to 1 57C are dagrams showing an another example of a method of forming prutrusfons accading to the 

39th embodimertf; 

Fig. 158 is a diagram showing a structure of a panel Ola prior art provkJed with Wack 

Fig. 159isadiagramshowingastructureof a panel Of a 40th embodiment 

Fig, 1 60 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment: 

Fig. 162 is a sectional view of a panel of the 41st embodiment; 

Fig. 1 63 is a diagram six>«rtngpocete and a pattern of protrusions of a 42nd enftxxlimem 

Fig. 164 is a diagram showing a structure of a prior art panel having spacers; 

Figa 1 65A and 1 65B are diagrams showing structures of panels of a 43rd embodimeat and an modification thereof; 
Figs. 166A and 166B are diagrams showing structures of panels of modifications of the 43rd entxxJiment; 
Fig. 1 67 is a dia^m showing a stnjcture of a panel of a mocfifKatfon of the 43rd embodiment- 
Figs. 168Ato168Caredagran«shwwngapfDcessofapanelofa44thenrt>odime^ 

Fig. 169 is a diagram showing a relatkxrehip between a scattered dersity of spacers and a cell gap in the 441h 
embodiment: 

Fig. 1 70 is a diagram showing a relationship between a scattered density of spacers and generations of Wenvshes 
when a force is appBed to the panel; 

Figs. 1 71 A arvj 1 71 B are dia^ams showing chemical formulas of aown added to protrusion materials so that the 
protrusions have ion absorption atM'Gty; 

Figs. 172A and 172B are cfiagrams showing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability; 

Figs. 173A and 173B are diagrams showing structures of CF substrates of a 45th en*)odiment and a modification 
thereof: 

Fig. 174isadiagramshowingastnjctureofapanelofa46therTi)odiment; 

Figs. 175A and 175B are dat^ams showing structures of CF substrates of another modifications of the 46th 
ennbodiment; 

Figs. 176A and 176B are dagrams showing structures of CF substrates of another modifications of the 46th 
embodknent; 

Figs. 177A and 177B are dagrams showing structures of CF substrates of another modifications of the 46th 
embodBDent; 

Fig. 1 78 is a diagram showing a structure of a panel of an another nrx)dif ication of the 46th embodiment: 

Figs. 179A and 179B are dagrams showing structures of CF substrates of another modifications of the 46th 

embodonent; 

Figs. 180A and 180B are dagrams showing structures of CF substrates of another modifications of the 46th 
embodinient: 

Figs. 181 A to 181G are diagrams shcwving a process for forming protrusions on the CF substrate accorcfing to a 
47th emtxxiiment: 

Fig. 182 is a dagram showing a structure of a panel of the 47th errtxidment: 
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Figs. 183 A and 180B a/e diagrams showing a process for forming black matrices of the CF substrate according to 
a 48th ennbodiment; 

Rgs. 184A and 184B are diagrams showing a structure of a panel of the 48th embodiment; 

Figs. 185A to 185C are diagrams shewing a process for forming protrusions on the CF substrate according to a 

49th embodiment: 

Ftg. 1 86 is a diagram showing a structure of a panel of the 49th errtxxfiment; 

Fig. 187 is a diagram showing a process tor forming protrusions on the CF sut»strate according to a 50th embodi- 
merrt; 

Figs. 188A and 188B are diagrams showing a structure o1 a panel of the 50th embodiment; 
Fig. 189 is a diagram showing a structure of a CF substrate of a 51th eotafiment; 

Rgs. 190A and 1908 are diagrams showing structures of CF substrates of modifications of the 51th embodiment; 
Fig. 191 is a diagram showing structures of CF substrates of nxxlifications of the 51th errtxxJment; 
Rg. 1 92 is a diagram shoMwng structures of CF substrates of rrxxiifications of the 51th enrtxxfment; 
Rg. 193 is a diagram showing a structure of a panel of an another modification of the 50th embodiment; 
Rg. 194 Is a diagram showing an example of a product employing the LCD in accordance with the present inven- 
tion; 

Rg. 1 95 is a diagram shcMring a structure of the product shown in Rg. 197; 

Rgs. 196A and 1968 are diagrams showing examples of arrangements of the protrusions in the product: 

Rg. 1 97 is a f lowcharl showing a process of a panel accorcfing to the present invention; 

Ftg. 198 is a flowchart showing a process of forming protrusions; 

Fig. 1 99 is a diagram for explaining a process of forming protrusions by printing; 

F(g. 200 is a diagram shoAring the configuration of a Hquid-crystat irijection apparatus: 

Rgs. 201 A and 201 8 are diagrams shownig examples of the posrtiorK of liquid-crystal injection ports of the LCD 
panel; 

Rgs. 202A and 2028 are cfiagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Rgs 203A and 2038 are diagrams showing exarrples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Rg. 204 is a diagram showing a structue of electrodes near the liquid-crystaJ irijection port in the panel of the 
preserrt invention; 

Figs. 205A to 205C are diagrams for explaining a defect due to contamination by polyurethane resin ard sWn in the 
VA LCD; 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate ard a size of defective 
area; 

Fig. 207 is a diag^am shc^ng a simulation result of a relationsh?) between a display frequency and an Effective 
voltage at respective specxTtc resistances; 

Rg. 208 is a diagram shw^ring a simulation result of a discharge time at respective specific resi^nces; 
Rg. 209 is a diagram shawng a simUation result ot a dscharge tmne at respective specific resistances; 
Rg. 210 is a diagram showing a fundamental constitution of the prior art VA LCD; - 
Fig. 21 1 is a diagram showing a viewing angle characteristic {contrast ratio) of the prior art VA LCD; 
Fig. 212 is a diagram sho*ring a viewing angle characteristic (gray-scale reversaO of the prior art VA LCD; 
Rg. 213 is a diagram sho*ring a fundamental constitution of the pane* of according to the present invention; 
Fig. 214 is a diagram showig a viewing angle characteristic (contrast ratio) of present invention; 
Fig. 215 is a diagram shaving a viewing angle characteristic (gray-scale reversaO <rf present invention; 
Rg. 216 is a diagram for explaining characteristics of a retardation fBm: 
Rg. 21 7 is a diagram shoAring a constitution of a panel of a 52nd ennbodiment 

Frg. 21 8 is a diagram showig a viewwig angle characteristic (gray-scale reversal) of the 52nd embodiment; 

Fig. 21 9 is a diagram sha*ring a viewing angle characteristic (gray-scaJe reversaQ of the 52nd embodiment; 

Fig. 220 is a dagram showing a relationshp of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in ttie 52nd embodiment; 

Fig. 221 is a diagram shcMnng a constitution of a panel of a 53rd embodiment; 

Fig. 222 is a diagram sho^ring a viewing angle characteristic (gray-scale reversal) of the 52rd entKXliment; 

Fig. 223 is a diagram showig a viewing angle characteristic (gray-scale reversal) of the 52rd entodiment; 

Fig. 224 is a dagram showing a relationshp of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 53rd embodiment; 

Rg. 225 is a diagram showing a constitution of a panel of a 54th errtxxJiment: 

Fig. 226 is a (fiagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 54th embodiment 
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Fig. 227 is a diagram shovi'ing a change of an upper limit to the optimum condition regarding contrast wrth respect 
to a retardation in the 54th embodiment: 

Fig. 228 is a diagram showing a change of a polar angle at which no gray-scale reversal is generated with respect 
to a retardation in the 54th embodimeni; 

Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embodiment; 

Fig. 230 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 55th embodiment: 
Fig. 23 1 is a diagram showing a viewing angle characteristic (gray-scaie reversal) of the 55th embodiment; 
Fig. 232 is a diagram showing a constitution of a panel of a 56th eaixxfonent; 

Fig. 233 is a dia£^ showing a viewing angle characteristiG (gray-scale reversal) of the 56th errtxxliment 

Fig. 234 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56lh embodimeni; 

Fig. 235 is a dagram showing a relationship of a polar angle at which a predetern^ned value of contrast can be 

obtained with respect to a retardation in the 56th eirbodiment; 

Fig. 236 is a diagram showing a constitution of a panel of a 57th errtxxliment; 

Fig. 237 is a diagram showwig a viewing angle characteristic (gray-scale reversaQ of the 57th embodiment; 

Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 57th embodiment' 

Fig. 239 IS a <fiagram showing a relationship of a polar angle at which a predetermined value of contrast* can be 

obtained with respect to a retardation in the 57th embodiment: 

Fig. 240 is a diagram showing a constitution of a panel of a 58th entjodiment; 

Fig. 241 e a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 58th eri^odimenf 

Fig. 242 IS a diagram showing a viewing angle characteristic (gray-scaie reversaQ of the 58th errtxxliment 

Fig. 243 is a dagram showing a relationship of a polar angle at which a predetermned value of contrast can be 

obtained with respect to a retardation in the 58th errt)odiment 

Fig. 244 is a diagram showing a constitution of a panel of a 59th efrtxxJknent; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 59th enixxfiment; 
Fig. 246 IS a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 59th errtxxfiment; 
Fig. 247 is a dagram showing a relationship of a polar angle at which a predetermned value of contrast can be 
obtained with respect to a retardation in the 59th en^xxliment; 

Fig. 248 IS a diagram showing a change of an upper limit to the optimum condition regardng contrast with resoect 

to a retardation in the 59th embodiment: ■ 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th errtodiment; 

Fig. 250 is a dagram showing a change of an ion density when an ion absorption treatment is applied to the pro- 

trusions; 

Figs. 251A to 251D are dagrams showing a process of a method of a panel of a modification in the 51st embodi- 
ment: 



Figs. 252A and 252B are dagrams showing a pattern of protnjsions and a sectional structure of the panel of the 
second embedment; 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second en*odimenf 
Figs. 254A and 254B are dagrams showing a pattern of protrusions and a sectional structure of the p^el of the 
sixteenth embodiment; 

Fig. 255 is a detailed dagram showing a dstinctive portion of a modification of the tenth embodiment. 

Before proceedng to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
crystal dsplay device will be described to allow a dearer understanding of the differences between the present irrven- 
bon arw the prior art. 

Figs. 1 A and IB are dagrams tor explaining the structure and principles of operation of a panel of the TN LCD As 
shown in Figs. 1 A and IB. an alignment film is placed on transparent electrodes 12 and 13 formed on glass substrates 
a riisbing treatment b perfooned so that orientation directions of the liquid crystalline molecules on the two sid)strate^ 
are shifted by 90- to each other, and a TN fiquid aystal is sandwiched between the transparent electrodes Due to the 
properties of the liquid crystal. Squid crystalline molecules in contact with the alignment films are aligned in the drec- 
bons of the onentabon defined by the aBgnment f Sms. The other fiquid crystalline molecules are aligned m line with the 
aligned molecules. Consequently, as shown in Rg. 1 A. the liquid crystafline molecules are afigned while twisted by 90^ 
Two sheet polarizera 1 1 and 15 are tocated in parallel with the drections of the orientation defined by the alignment 
films. 

When light 10 that is not polarized fells on a panel having the foregoing structure, the light passmg through the 
sheet polanzer 1 1 becomes inearly-polarized light and enters the liquid aystaJ. Since the liquid crystalline molecules 
are aligned while twisted 90*. the inddenl light is passed while twisted 90*. The light can therefore pass throuoh the 
lower sheet polarizer 1 5. This state is a bright state. 
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Next, as shown in F\g. IB. when a voltage Is applied to the electrodes 12 and 13 and thus applied to the liquid ays- 
talline molecules, the liquid crystalline molecules erect themselves to untwist. However, on the surfaces of the align- 
ment films, since an orientation control torce is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid ayslalline moleaJes are isotropic relative to passing 
light. The linearly-polarized light incident on the liquid-crystal layer will therefore not tum the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings atxxjt a dark state. Thereafter, when a state in which no voltage is applied is resumed, dsplay 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast and color 
reprodudbiGty provided by the TN TFT LCD have surpassed those offered by the CRT However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Rgs. 
2A to 2C are diagrams fcx explaining this problem. Rg. 2A shows a state of white display in which no voltage is applied. 
Rg. 2B shows a state of halftone display in which an intermediate voltage is applied, and Fig. 2C shows a state off Wack 
display in which a predetermined voltage is applied. As shown in Rg. 2A, in the state in wtiich no voltage is applied, 
liquid aystalline molecules are aligned in the same direction with a slight incfination (about r to 5"). In reality, the mol- 
ecules are twisted as shown in Fig. 1 A- For convenience* sake, the molectdes are fliustrated like Rg. 2A. In this state, 
light is seen nearly white h any azimuth. Moreover, as shown in Rg. 2C. in the state in which a voltage is apf^led. inter- 
mediate liquid crystalline nK>lecules except those kxated near the alignment fibns are afigned in a vertical direction. 
Incident linearly-polarized fight is therefore seai black but not twisted. At this time, light obliquely incident on a saeen 
(panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the fiquid 
crystalline molecules aigned in the vertical cBrection. The fight is theretore seen halftone (gray) but not perfect black. As 
shown in Rg. 2B, in the state in which an intermediate voltage lower than the voltage applied in the state shown in Rg. 
2C is applied, the liquid crystaTine molecules near the alignment filnr« are aligned in a horizontal direction but the liquid 
crystalline molecules in the mkJtfle parts of cells erect themsefves halfway. The birefringent property of the liqiid crystal 
is lost to some extent This causes a transmittance to deteriorate and brings about halftone (gray) display. However, this 
refers only to light incident perpendiculariy on the liquid-crystal panel. Obliquely incident light is seen (fifferently. that is. 
light is seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated, the fiquid 
crystalline molecules are afigned mutuafly parallel relative to light propagating from right below to left above. The fiquid 
crystal hardly exerts a bir^ringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast, the 
liquid crystalline molecUes are aligned vertically relative to light propagating from left below to right above. The fiquid 
crystal exerts a great birefringent ^fect relative to incident light and the radent Bght is twisted. This results in nearly 
white display Thus, the most critical drawback of the TN LCD is that the display state varies depending on the viewing 
angla 

In an effort to solve tfie above problem, Japanese Exanwied Patent Publication (Kokai) Nos. 53-48452 and 1- . 
120528 have proposed an LC:o adopting a mode refeaed to as an IPS mode. Rgs. 3A to 3D are diagrams for explaining 
the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied, Rg. 3B is a top view thereof with no voltage 
applied, Rg. 3C is a side view thereof with a voltage applied, and Rg. 3D is a top view with a voltage applied. In the IPS 
mode, as shown in Rgs. 3A to 3D. slit-like electrodes 18 and 19 are formed in one siijstrate 17, and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transverse elec-^ 
trie wave. A material exhijiting positive dielectric anisotropy is used to make a liquid crystal 14, When no electric fiekj"" 
is applied, an afignment f Om is rubbed in order to align the liquid crystalline molecules homogeneously so that the major 
axes of the liquid aystallne molecules will be neariy parallel to the kxigitudinal cfirection of the electrodes 18 and 19. 
In the illustrated example, the liquid crystalline molecules are honx)geneously afigned with an azimuth of 15* relative to 
the tongitudinai direction o* the slit-like electrodes in order to make a direction (cfirection of turn), to which the orientation 
of the Ik^uid crystal is changed with application of a voltage, constant In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C, liquid aystalfine molecules existent near the sfit-tike electrodes change their ori- 
entatfon so that the major axes thereof wiD be turned 90* relative to the tongitudinai directfon of the slit-like electrodes. 
However, since the other substrate 16 is orientationally processed so that fiquid crystalfine molecules win be afigned 
with an azimuth of 15° relative to the tongitudinai direction of the slit-like electrodes, liquid crystafiine molecules near 
the substrate 1 6 are aligned so that the major axes thereof will be nearty parallel to the tongitudinai directton of the elec- 
trodes 1 8 and 19. The liquid crystalfine molecules are therefore aligned while twisted from the upper substrate 1 6 to the 
lower siAstrate 17. In this kind of Bquid crystal display, when the sheet polarizers 1 1 and 15 are placed on and under 
the sUistrates 16 and 17 respectively so that the axes of transmission thereof wiU be orthogonal to each other. When 
the axis of transmission of one sheet polarizer is made parallel to the major axes of the liquid crystalline molecules, 
Wack display can be attained with no voltage applied, and white display can be attained with a voltage appGed. 

As mentioned alxjve. the IPS mode is characterized in that the fiquid aystalline moleoJes do not erect theriBeives 
but turned in a transverse direction. In the TN mode or the like, when the liqiad crystalline molecules erect themselves, 
the birefringent property of the liquid crystal varies depending on a direction of an viewing angle and a problem occurs. 
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When the liquid aystalline moiecules are turned in the transverse direction, the birefringent property hardly varies 
depending on a direction. TTiis results in very good viewing angle characteristics. However, the IPS mode has another 
problems. One ot the problems is that a response speed is quite low. The reason why the response speed is low is that 
although a gap between electrodes in the normal TN mode in which liquid crystalline molecules are turned is 5 microm- 
etefs, the gap in the IPS mode is TO micrometers or more. The response speed can be raised by narrowing the gap 
between the electrodes. Howeve--. since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS rnode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect- For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, ttie ratio in area of the electrodes to display gets large. This poses a problem that 
a transmittance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion picture representing a 
fast mc^on is displayed. drawt>acks including a drawtack that an image streanrs take placa In an actual panel, there- 
fore, for improvkig the response speed, as shown in Rgs. 3B and 3D, the afignment film is not rubbed parallel to the 
electrodes but rubbed in a direction shifted by about iy. For realizing horizontal alignment, when an agent is merely 
appfied to the afignment film, liqcid crystalline molecules are arrayed freely leftward or rightward and cannot be afigned 
in a predetermined direction. Rubbing is therefore carried out for rubbing the surface ot the alignment film in a certain 
cfirection so that the liquid aystaBne molecules will be aligned in the predeternvned directfon. When rubbing is carried 
out in the IPS nxxJe. if mbbing proceeds parallel to the electrodes, liquid crystalline molecules near the center in the 
gap between the electrodes are slow to tiFn to the left or right with application of a voltage, and therefore slow to 
respond to the applicatfon. Rubbing is therefore, as shown in Figs. 38 and 3D, carried out in a direction shifted by about 
15** in order to demolish right-and-left uniformity. However, e^en ¥vhen the direction of rUbbing is thus shifted, since the 
response time permitted by the IPS mode is twice longer than the one pennitted by the TN nrxxJe. the response speed 
is very low. Moreover, when riAbing is carried out in the direction shifted by about 15'. a viewing angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a 
specified angle of a viewing angle range. This problem wUI be descrbed with reference to Rgs. 4 to 68. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a Oquid crystal display 
(of the IPS type herein). As illustrated, a polar angle 6 and azimuth ^ are defined in relation to substrates 16 and 17. 
electrodes 18 and 19. and a liquid crystalline nwlecule 4. Rg. 5 is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale le/els. 
Domain areas causffig gray-scale reversal when a change in luminance is examined by varying the polar angle e and 
azinujth ^ are shown in Fig. 5. fcn the drawing, reversal occurs at fours hatched areas. Figs. 6A arvl 68 are diagrams 
showing examples of changes in luminance of cfisplay of 8 gray-scale levels in relation to the polar angle e with the azi- 
muths Faed to values of 75* and 135* causing reversal. WWte gray-scale reversal occurs at gray-scale levels associated 
with high luminances, that is. when white luminance deteriorates with an increasing value of the polar angle 0. Black 
gray-scale reversal occurs when biack luminance tnaeases with an increasing value of the polar angle 6. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthernwre, the IPS mode has a prob^ 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the,other character- 
istics such as a transmittance, a response speed and productivity, is sacrificed for the viewing angle characteristia 

As mentioned aboi-e, the IPS mode that has been proposed as an alternative tor solving the problem on the viewing 
angle characteristic of the TN nxxle has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insuffident. A vertically-aFigned (VA) rrcde using a vertical afiyvnent fBm has been pro- 
posed. Rgs. 7A to 7C are diagrams for explaining the VA mode The VA mode is a mode using a negative liquid crystal 
rraterial and vertfoal afignment fBm As shown in Fig. 7A. when no voltage is applied. Bquid crystaffine molecules are 
alignaJ in a vertfoal direction and black display appears. As shown in Fig. 7C. when a predetermined voltage is applied, 
the liquid crystalline molecules are aligned in a horizontal direction and white display appears. A contrast in display 
offer ed by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA nxxle is therefore attracting attention as a novel mode for a Bquid aystal cfisplay. 

However, the VA mode has the same problem as the TN mode conceming halftone display, that is. a problem that 
the display state varies dependffig on the viewing angle. For displaying a halftone in the VA mode, a voltage fow^ than 
a voltage to be app&ed for white cfisplay is applied. In this case, as shown in Fig, 78. liquid crystaffine molecules are 
aligned in an oblique direction. As inustrated. the liquid crystalline molecules are aligned parallel to Bght propagating 
from right betow point to left above. The liquid crystal is therefore seen tJack when viewed from the left skle thereof 
because a birefringent effect is hardly exerted on the left side thereof. 8y contrast, the liquid crystalline molecules are 
aligned verticafly to light propagating from left below to right above. The liquid crystal exerts a great birefringent effect 
relative to incident light therefore, cfisplay becomes nearty white. Thus, there is the problem that the luminarw» varies 
depending the viewing angle. The VA mode provides a nuch higher contrast than the TN mode and is superior to the 
TN mode in terms of a viewing angle characteristic, because even when no voltage is applied, liquid aystalline mole- 
cules near an alignment film are aligned neariy vertically However, the VA mode is not certainly superior to the IPS 
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mode in terms of the viewing angle characteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be inproved 
by setting the orientation directions of the fiquid crystaHine molecules inside pixels to a pluralHy of mutuaOy different 
directions. Generally, the onentation direction of the liquid crystalline molecules (pre-titt angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignrnent f ilm 
The rubbing treatment is a processir^ which rubs the surface of the alignment film in one direction by a ctoth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixels. Figs, 8A to 8C show a method of making 
the rubbing direction different inside the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
strate 1 6 (whose electrodes, etc.. are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rubbing treatment in one direction. Next a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography. As a result, a layer 202 of the 
photo-resist whwh is patterned is formed as shown in the drawing. Next, the alignment film 22 is brought ktio contact 
witharU)bingrofl201 that is rotating to the opposfte Erection to the above so that only the open portions 
are niabed. In this way. a plurality of regions that are subjected to the ojbbing treatment k\ cfifferent dirwtions are 
formed inside the pixel, and the orientation directions of the Dquid crystal become plural inside the pixel. IncidentaBy, the 
rUabing treatment can be done in artjitrarily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. 

Though the rubbing treatment has gained a wide appfication. it is the treatment that ojbbs and consequently, diam- 
ages, the surface of the afignnTent film and involves the problem that dust is likely to occ^ 

A method wWch fornis a axKavoKX>nvex pattern on an electrode is know as an^ 
tilt angle of the liquid crystaffine molecules in tfie TN mode. The liquid crystafline molecules in ttie proximity of the elec- 
trodes are orientated afong tfie surface having the cor)cavo<onvex pattern 

Rgs. 9A to 9C are diagrams for explaining the princqjles of the present inventioa According to the present inven- 
tion, as shown in Figs. 9A to 9C. in the VA mode emptoying a conventional vertical afignment fim and adopting a neg- 
ative liquid crystal as a liquid crystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalBne molecules are aligned obliquely when a voltage is applied so that the orientation 
wia include a pluraBty of drections within each pixel. In Figs. 9A to 9C. as the doma^i regulating means, electrodes 12 
on an upper sii)strate are siftted and associated with pixels, and an electrode 13 on a tower substrate is provided with 
protrusions (prqections) 20. 

As shown in Fig. 9A. in a state in which no voltage is appfied. Bquid crystalline molecules me aRgned verttcaDy to 
the surfaces of the substrates. When an intermed ate voltage is appfied, as shown in Fig. 9B. electric fields obOque to 
the surfaces of the substrates are produced nearlhe slits of the electrodes (edges of the electrodes). Moreover, fiquid 
crystalline molecules near tt>e protrusions 20 sBghtly t3t relative to their state attained with no voltage appfied. The 
inclined surfaces of the protrusions and the oblique electric fields detemiine the directions in wNch the liquid crystsdHne 
molecules are tilted. The orientation of the liquid crystal is divided into different directions atong a plane defined by each 
pair of protmsions 20 and the center of each slit. At tfe lime, for example, fi^ transmitted from immecfiately below to 
immecfiately above is affected by weak birefringence because the liquid crystalline molecules are s6ghtly tilting. Conse- . 
quently. the transmission of Sght is stppressed and halftone display of gray appears. Ught transmitted from rigirt above 
to left below is hardly transmitted by a regton of the I'k^uU crystal in which liquid aystafline molecules are tilting leftward 
while the light is quite readily transmitted by a region thereof m wNch liquid crystalline moleories are tflting rightward! 
On the average, halftone tfisptey of gray appears. Ught transmitted from left below to right above contrtoutes to gray dis- 
play Aje to the same princ^ Consequently, homogeneous display <an be attained in al azimuths. Fiffthennore. 
when a predetermined voltage is appfied. fiquid crystalBne molecules become nearly horizontal as shown in Fig 9C 
White display appears. Thus, in all states of black display, halftone cfisplay, and white display, excellent cfisplay with little 
deperxiency on a viewing angle can be attained. 

Now. Rgs. 10A and 10B are diagrams for explaining determinalion cA an orientation by protrusions of dielectric 
material provided on the electrodes. In the specTication. the dielectric materials are reulating materials of low tfelec- 
trie. Referring to Figs. 10A and 10B, an orientation determined by tfie protrusions will be discussed. 

Protrusions are fonned alternately on the electrodes 12 and 13. and coated with the vertkal alignment f3ms 22. A 
liquid crystal employed is of a negative type. As shown in Fig. 10A. when no voltage is applied, the vertical afignment 
films 22 cause the fiquid crystalline molecules to align vertkally to the surfaces of the substrates. In this case, rubbing 
need not be performed on the vertical alignment f ilnrs, Lk^uW crystalBne molecules near the protrusions 20 try to align 
vertically to the indined sufaces of the protnsions. The Bquid aystaOine molecules near the protrusions are therefore 
tilted. However, when no voltage is applied, in almost all regions of the liquid crystal other than the protmsions. fiquid 
crystalline molecules are aligned nearly vertfcafly to the surfaces of the siijstrates. Consequently, as shown in Rg 9A. 
excellent black display can appear. 

When a voltage is applied the distribution of electric potentials in the liqukJ-crystal layer is as shown in Rg. 10B. In 
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the regions of the liquid-aystal layer without the protrusions, the distribution is parallel to the sut>strates (electric fields 
are vertical to the substrates). However, the distrbution Is inclined near the protrusions. When a voltage is applied, as 
shown in Rgs. 7B and 7D. the liquid aystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by caaying out rubbing, the azimuth in which 
the liquid crystalline molecules tilt due to the electric fields includes all directions of 360". ft there are pre-tifted liquid 
crystaJline nrx>lecules as shown in Fig. 10A, surrounding liquid aystalline molecules are tilted in the directions of the 
pre-tilted liquid crystainne molecules. Even when nAbing is not can-ied out. the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the Tiquid aystafline molecules in 
contact with the surfaces of the protrusions. As shown in Fig. lOB. the electric fields near the protrusions are incfined 
in Erections in which they become paraDel to the inclined surfaces of the protrusions. When a voltage is appfied. the 
negative liquid crystalBne mdeoJes are tihed in directions vertical to the electric fields. The directions corresporid to 
the directions in which the liquid aystaOine molecdes are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of the 
inclined surfaces of the protrusions oontrSxite to stable alignment. Furihernwe, when a higher voltage is applied, the 
liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions f Bl the role of a trigger for determining azimuths in which the fiquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For exarrple. the mdined surfaces over the whole pixel are unnecessary. However, if the size of the incfined sur- 
faces is too small, the effect of the slope and electric field are not available Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 jim. This means that when the width of the protrusions is larger than 5 
\im, a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the fiquid crystal- 
line molecules in alnx)st al the regions of the Dquid-crystal layer except the protrusions are aligned vertically to the sur- 
faces of the siA)strates. This results in nearly perfect black cf splay. Thus, a contrast ratio can be irrproved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the sitetrates are 
included in the inclined surfaces. 

The tilting (firection of the orientation of the Bquid crystal is decided by domain regulating means. Fig. 1.1 shows the 
orientation direction when protrusions are used as the domain regulating means. Rg. 11 A shows a bar* having two 
slopes and the liquid crystaBine molecules are oriented in two directions drfferent from each other at an angle of 180 
de^ees with the bank being the boundary. Rg. 1 1 B shows a pyramid and the Bquid crystalline molecules are oriented 
in four directkxs cfifferent from orie another at an ang^e of 90 degrees with the apex of 

Rg. 1 1 C shows a hemisphere and the orientation cf the fiquid crystalline molecules assumes synwuetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Rg. 11C. the cfisplay state 
becomes the same for all the viewing angles. However, it cannot be said that a larger rwmber of domains or directions 
is better. When the relationship to the direction of poterization offered by a sheet polarizer is taken into account if the 
oblique orierrtation of the Bquid crystal becomes rotatwnafly symmetrkal. there arises a problem that light use eff idency 
deteriorates. This is because when donraks in the Bqukl crystal are defined uninteraiptedly and radially, fiqud crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work ineffidentfy. and liquid 
crystalfine molecules lying in cfirectwns of 45" with respect to the axes work most efficiently. For inproving the fight use 
efficiency, the directions inckjded in the oblique orientation of the liquid aystal are mainly tour directwns or less. When 
there are four directions, they should preferably be directions in which li^ components to be projected on the display 
surface of the fic^d crystal tfeplay propagate with azinwths mutually different in increments of 90". In this case, the 
ratio in number of liquid crystalfine mofeoies aligned in directions in which light components to be projected on the dis- 
play surface propagate with azimuth mutually different by 1 80" shoukl preferably be neariy even. Out of two sets of liq- 
uid crystalline molecules aligned in the drectksns in which the fight corrponents to be projected on the display surface 
propagate with azimUhs mutually <fiff erent by 1 80". the ratio in number of aligned fiquid crystafline molecules of one set 
is neariy even, while the ratk) in ixxmber of aligned liquid aystafline molecules of the other set is uneven. The set of 
aligned fiqiid crystaffine molecules of wtiich ratio in nuirber is neariy even is a majority, and the set of aligned liquid 
crystalline molecules of whki) ratio in number is uneven may be negligWa In other words, a characteristk; analogous 
to that exhibited when two domains are defined in 180" cfifferent dkectwns can be realized. 

In Rgs. 9 A to 9C. for realizing the domain re^itating means, the electrodes 12 on the iRser substrate are sTrtted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusfons 20. Any other 
means will also da Figs. 12A to 12C are diagrarro showing exanrples of realizing the domatfi regulating means. Rg. 
12A shows an example of reafizing it by devising the shapes of the electrodes. Fig. 12B shows an exarr^e of devising 
the contours of the surfaces of the substrates, and Rg. 12C shows an exanrple of devis^ig the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the examples, the orientatfons shown in Rg. 8 can be 
attained. However, the structures of Ttquid aystals are a bit different from one another. 
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In Fig. 12 A. ITO electrodes 41 and 42 on both substrates or one of the substrates are slitted. The surtaces of the 
substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voHage is applied, 
liquid crystalline molecules are aligned vertically to the surfaces oi the substrates. When a vottage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 
electric fields, the directions in which liquid ayslalline nxJecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this exarrple. the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an obfique electric field technique. 

In Fig. 12B. protrusions 20 are formed on both the substrates. Like the structure shown in Fig. 12A. the surfaces of 
the substrates are processed for verlicaJ alignment and a negative liquki crystal is sealed ia When no vottage is 
applied, the liquid ayslaSine molecules are aligned verlically lo the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystaffine molecules are aligned in the directions of titt. Moreover, when an insulating material with 
low dielectric constant ts used to form the protrusions, the electric fields are interrupted (state ctose to the state attained 
by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

Rg. 12C shows an exanr^e of combining the techniques shown in Figs. 12A and 12B. The description will be omit- 
ted. 

Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For exanple. the portions of the electrodes formed as the slits in Rg. 1 2A nray be dented, and the dents 
may be provided with incfined surfaces. Instead of making the protmsions in Rg, 12B using an insulating material, pro- 
tnisions may be formed on the substrates, and TO electrodes may be formed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid crys- 
tal. Moreover, dents may be substituted for the protrusions. Furthermore, any of the desatoed domain regUating 
means may be formed on one of the sutstrates. When donrain regulating means are tooned on both the substrates, 
any pair of domain regUating means can be employed. Moreover, although the protojsions or dents should preferably 
be designed to have incfined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

When the protrusions are formed, during black display, parts of the IqUd crystal lying in the gaps between the pro- 
trusions are seen Uadc but leaks out through parts thereof near the protrusions. This kind of partial cfifference in 
display is microscopic and incfisceritiWe by naked eyes. The whole display exhibits averaged cfisplay intensity. The den- 
sity for black display deteriorates a bit whereby contrast deterforates. When the protrusions are made of a material not 
allowing passage of visUe light contrast can be further ioproved. 

When a domain regUating means is formed on one substrate or both substrates, protrusions, dents, or sfits can be 
formed Gke a unidirectional lattice with a predetennined pitch among them. In this case, when the protmsions. dents, or 
slits are a plurafity of protrusions, dents, or slits bent at inten/als of a predetermined cyde. oriOTtation division can be 
achieved more stably. Moreover, when the protrusions, dents, or slits are located on both sUjstrates. they shouW pref- 
erably be arranged to be offset by a half pitch. 

In the constitution dsdosed in Japanese Unexamined Patent Publication (Kokat) No. 6-301036, apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too sn«ll. Contraray. 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be inproved. 

On one of two upper and lower substrates, protrusions or dents may be formed like a twoKlimensional lattice. On 
the other sU>strate, protojsions or dents may be arranged to be opposed to the centers of squares of the two^fimen- 
sional lattice. 

In any case, it is required that orientation division occurs within each pixel. The pitch of the protrusions, dents, or 
slits must be smaller than tfiat of pixels. 

The results of examining the characteristics of an LCD in wttich the present invention is inplemented demonstrate 
that a viewing angle characteristic is quite excellent and equal to or ^eater than those of not only a TU LCD but also 
an IPS LCD. Even when the LCD is viewed from its front side, the viewing angle characteristic is quite exceflert, and 
the contrast ratio is 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by the TN 
LCD is 30 %. the one offered by the IPS LCD is 20 %. and the one offered by the present invention is 25 %. The trans- 
mittance offered by the present mvention is tower than the one offered by the TN LCD but higher than the one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example, as far 
as equivalent panels are concerned, a TN LCD panel exhibits an on speed (for transition from 0Vto5\/)of23ms,an 
off speed (for transition from 5Vto0V)of21ms. anda response speed (on + off) d 44 ms, while an IPS LCD panel 
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exhibits an on speed of 42 ms. an off speed of 22 ms. and a response speed of 64 ms. According to the mode of the 
present invention, the on speed is 9 ms. the off speed is 6 ms. and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furthermore, in the mode of the present invention, when no voftage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or obCque electric f ieWs detemnine directions in which liquid aystailine mole- 
cules tiH. Unlike the ordinary TN or IPS mode, rubbing need not be carried out. In the process of manutacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of mbbing. substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 
alignment- By contrast according to the present inventwn. since the rubbing step is unnecessary, the step of cleaning* 
sut)strates is unnecessary. 

Fig. 13 is a diagram showing ttie overall configuration of a liquid crystal panel of the first embodiment of the present 
invention. As shown in Fig. 13. the Rqiid crystal panel of thefffst embodiment is a TFT LCD, A cormxjn electrode 12 is 
formed on one glass substrate 1 6. The other glass substrate 1 7 is provided with a plurality of scan bus Unes 31 formed 
parallei to one another, a plirality of data bus fines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 1 3 formed Cke a matrix at intersections between the scan bus fines and data bus Hnes. 
The surfaces of the sUjstrates are processed for vertical afignment. A negative fiquid crystal is sealed in between the 
two substrates. The glass substrate 15 is referred to as a color filter (CF) substrate because color filters are formed, 
while the glass siAstrate 17 is refen^ed to as a TFT substrate. The details of the TFT LCD will be omitted. Now, the 
shapes o* the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are dagrams showing the structure of a panel in accordance with the ftst embodiment of the 
present invention. Rg. 14A is a diagram iDustratively showing a state m which Ihe panel is seen obliquely, and Fig, 148 
is a side view of the panel. Pig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment Fig. 16 is a cfiagram showing the pattern of protrusions odside a display area of a liquid crystal 
panel of the first embodin>ent and Rg. 1 7 is a sectional view of the liquid aystal panel of the first embodiment 

As shown in Rg. 17, a black matrix layer 34. an ITOfilm 12 providing cotorfSters and a common electrode, and 
protrusions 20 parallel to one aixjther with an equal pitch anwg them are formed on the surface of a side of a CF sub- 
strate 16 facing a fiquid crystd. The fTD film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 fermrng gate bus lines. CS electrodes 35. insulating fBms 40 and 43. electrodes forming 
data bus fines, an TO film 13 providing pixel electrodes, and protrusions paraflel to one another with an equal pitch 
among them are formed on the surfece of a side of a TFT substrate 1 7 facing the fiquid aystal. The TFT substrate is 
firther coated with a vertical alignment fim. though the vertical alignment film is omitted from the figure. Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment protrusfons 20A and 208 are made of a 
TFT flattening material (positive resist). 

As shown in Fig. 14A. the pattern of the protrusions 20A and 208 is a pattern of parallel protrusions extending 
straigWIy and arranged with an equal pitch among them. The protrusions 20A and 208 are an^nged to be offset by a 
half pitch. The structure shown in Fig. 148 is thus realized. As mentioned in conjunction with Fig. 98. the orientation of 
the liquid crystal is divided into two directions to thus divide each donwin into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Rg. 15. As shown in Fig. 15. in a general color- - 
display liqud crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red. 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be an^yed with the same 
gap kept above and below them. A pxel deftfies each pixel electrode. Among arrayed pixel electrodes, gate bus fines 
(hidden behind the protrusions 208) are laid down sideways, and data bus fines 32 are laU down lengthwise. The TFTs 
33 are located near intersections between the gate bus fines 3 1 and data bus lines 32. whereby the pixel electrodes are 
intercorv>ected. Opposed to the gate bus fines 31. data bus lines 32. and TFTs 33 included in the respective pixel elec- 
trodes 13 are Wack matrices 34 for intercepting fight. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor for stabifizing display are pfaced. Since the CS electrodes are fight-interceptive. the CS-electfode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divided into an i43per part 13A and 
lower part 138. 

In each of the pixels 13A and 138. three protrusions 20 A are tying and tour protrusions 208 are lying. Three first 
regions each having the protrusions 208 on the upper side of the panel and the protrusions 20A on the lower side 
thereof, and three second regions each having the protrusions 20A on the upper side thereof and the protaisions 208 
on the \oweT side thereof are d^ined in one pixel composed of the pix^s 13A and 138. In the pixel composed of the 
pixels 13A and 138. a total of sue regions of the first and second regions are ddined. 

As shown in Fig. 1 6, on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 208 is extend- 
ing outside topmost pixels and beyond rightmost pixels. This is bitended to afiow orientation division to occu* in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Figs. 1 8A and 1 88 are diagrams showing the position of a liquid-crystal injection port of the fiquid crystal panel 1 CO 
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of the first embodiment through which a liquid aystaf is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, after the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 
the time required for injecting the liquid crystal, as shown in Fig. 1 8A, a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cydic 
basis. Reterence numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure deaeases. This makes it easy to inject a liquid aystaL The exhaust ports 
should, as shown in Rg. 1 SB. be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shows contours of protrusiors in a prototype defined by perferming measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the TO electrodes 12 and 13 formed on the substrates is restricted 
to 3.5 micronieters by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 miaometers and a width 
of 5 micrometers. A pair of i4:per and lower protrusiorre 20A and 20B are spaced by 1 5 micrometefs. This means that 
a spacing between adjoining protrusions formed on the same fTO electrodes is 35 micrometers. 

After an intermediate vottage is applied to the panel of the second embodiment the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore, in the panel of the first embodiment a response speed has quite inproved. Figs. 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first en^odiment in relatran to 
changes in parameters that are an applied voltage and a spacing (gap) between upper and tower protrusions. Rg. 20A 
indicates an on speed (for trar^ition from 0 to 5 V). Rg. 20B indicates an off speed (far transition from 5 to 0 V). and 
Rg.21 indcales a switching speed that is a sum d the on speed arid off speed. As shown in Rgs 
off is hardly dependent on the spacing but a rise tinr>e on varies greatly The smaller the spacing is. the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 n^aometers. The practical value of the spacaig var- 
ies slightJy depending the thickness of ceDs. That is to say. when the thickness off cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed. It has been actually conf inned that as far as the spac- 
ing is about 100 limes larger than the thickness of ceOs. fiquid crystalline nx)lecules are aligned properly 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For exarrple, when the 
spadng between protrusions is 15 micrometers and the thickness of cells fe 3.5 micrometers, the response speed for 
transition between 0 and 5 V. that is. the on time on is 9 ms. the off time off is 6 ms. and the switching speed 15 ms 
Thus, very fast switching can be achieved. 

Rgs. 22 to 24B are diayams showing the viewing angle characteristic of the panel of the f tfst errtxrfment Rg. 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Rgs. 23A to 24B show changes in 
display luminance levels coaesponding to 8 gray-scale levels in relation to viewing angles. Rg, 23A shows a change 
occurring at an azimuth of 90*,Rg. 23B shows a change occurring at an azimuth of 45^ and Rg. 23C shows a change 
occuning at an azimuth of 0". F»g, 24A shows a change occurring at an azimuth of -45°. and Rg. 24B shows a change 
occun-ing at an azimuth of -90". Hatched parts of Rg. 22 indicate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
vertically uniform characteristic unlike the one provided by the first embodiment. Deterioratton of contrast in a vertical 
direction is little larger than that in a lateral drection. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Rg. 23C. gray-scale reversal off Wack occurs at a viewing angle of 
about 2Q\ Sheet polarizers are bonded in such a way thai the absorption axes thereof will le at 45* and 13S» respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exh&rted when the panel is viewed n an 
oblique direction is very good. The characteristics offered by this embodiment are overwhelmingly stperior to those 
offered by the TW mode However, this embodiment is sfighHy inferior to the IPS mode in tenns of viewing angle char- 
acteristic. However, once one phase<lifference film or optical compensation fflm is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode. Rgs. 25 to 26C are cfiagrams showing a viewing angle characteristic to be exhtoited by the panel of 
the first embodiment having the phase-difference film, and conespond to Rgs. 22 to 23C. As iBustrated, deterioration 
of contrast depencfing on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occwring in a 
lateral direction on the panel has been overcome On the contrary, ^y-scale reversal occurs in a vertical direction dur- 
ing white display However, generally, gray-scale reversal in white display is hardly vistole to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase^iifference fflm is employed, better 
characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, arxi nrwxrfacturing rffficulty 

An attempt was made to discuss optimal conditions by creatk^g various variations of the stax:ture of the fist 
embodiment or modifying parameters otiier than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in black, light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, fight incident vertically on portions of the electrodes 1 3 on the lower sutjstrate on which 
the protrusions 20 are formed is transmitted to some extent because liquid crystalline molecules are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast liquid 
crystalline molecules near the apices of the protaisions are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper substrate. During black display, near the protru- 
sions, halftone display and black display are carried out partially. This partial difference in display is microscopic and 
discernible to naked eyes. The whole di^lay exhibits averaged display intensity. The black display deteriorates a bit. 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light, 
namely, made of material shiekfing visible fight, whereby contrast improves. Even in the second eaixxJiment. when the 
protrusions are made of a material shieWing visible fight, contrast can be firther irrproved. 

A change in response speed occurring when the spacing between protrusions is varied has been described in con- 
junction with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protruskxw were 7.5 
micrometers and 15 miaometefs respectively, and the thickness of cells was approximately 3.5 mwrometers. The 
height of the resist was set to 1 .537 pm. 1 .600 >im. 2.3099 jim. and 2.4486 fim. The transmittance and contrast ratio of 
a prototype were measured. The results of the measureo^ent are shown in Figs. 28 and 29. A change in transmittance 
dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) is shown in Rg. 30. 
A change in transmittance dependent on the height of the protrusions (resist) occurring In a Wack state (when no volt- 
age is applied) is shown in Fig. 31. A change in corrtrast ratio deperxient on the height of the protrusiorts (resist) is 
shown in Fig. 32. The higher the resist is. the Ngher the transmittarx^ in the white state (when a voltage is applied) 
becooies. This is presunaUy attrbutable to the fact that the protrusions (reset) filling a supplementary role for tilting 
liquid crystalfine molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the Wack state (when no voltage is applied) inaeases with an 
increase in height of the resist This causes black levels to fall and is therefore not very preferable. The causes of light 
leakage will be descrtoed in conjunction with Fig. 27. Uquki crystafiine molecules lying immediately above the protru- 
sfons (resist) and in the spadngs between the protrusions are aligned vertkally to the surfaces of the substrates. Light 
leakage does not occur in these pteces. However, fiqiid crystalfine molecJes lying on the slopes of the protruswns are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes inweases and a fight leakage increases. 

The contrast (white luminance level / Wack luminance leveQ deaeases as the resist gets higher. However, even 
when the height of the resist is irxyeased to have the same value as the thickness of ceite. screen display <an be 
achieved without any problem. In this case, as desaibed later, the protrusions (resist) can be designed to fdl the role of 
panel spacers. 

Based on the above results, prototypes of Jaquad crystal displays of size 15 were produced using TFT substrates 
and CF substrates having protrusk)ns of 0.7 micnxneters, 1.1 micrometers. 1.5 mScromoters. and 2.0 rrioDmetefB in 
height The trend revealed by the results of the experiment was also obsen^ in the actuafly-produced fiquid crystal 
panels. For actual viewing, because the contrast has been originally Wgh. deterioratwns in contrast occurring in the 
panels produced uxler the different conditions were of a good level. Thus, satisfactory cfisplay was achieved. This is 
presumably because the panels originally permitted high contrasts and a fitUe decrease in contrast was indiscernible to 
human eyes. Moreover, a panel including protrusions of 0.7 miaometers high was also produced in an effort to detect 
the lower fimit of the height of the protrusions working on molecular alignment Display was perfectly normal. Conse- 
quently, even when the height of the protmsions (resist) is as small as 0.7 miaometens or less, the protrusions can sat- 
isfactorily work on alignment of fiquid crystalline molecules. 

Fig. 33 is a diagram showing a pattem of protrusions in the second embodiment As shown in Rg. 15, in the first 
entKxiiment. protrusions are finear and extencfing in a direction vertical to the kxiger sides of pixels. In the second 
embodiment, protruswns are extending in a direction vertical to the shorter skies of pixete 9. The other cooponents of 
the secorxJ embodiment are identkal to those of the first embodiment. 

Figs. 252A and 252B show a modificatfon of the second embodiment wherein Fig. 252A shows a protruskxi pat- 
tern and Fig. 2528 is a sectional view showing the arrangement of the protnisioo anangement. In this rrxxJificatfon. the 
protrusion 20A disposed on the electrode 12 on the skJe of the CF substrate 16 is extended in such a iasWon as to 
through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 
is disposed on the sWe of the TFT substrate 1 7. Therefore, the BqukJ crystal is oriented in two directions inside each 
pixel. As shown in Fig. 2528. the domain is divided by the protrusion 20A at the certter of the pixel. Since the edge of 
the pixel electrode senses as the domain regulating means arowid the pixel electrode 1 3. the orientatfon can be divkied 
stably. In this modificatwn. only one protrusion is disposed for each pixel arai the distance between the protrusion 20A 
and the edge of the pixel electrode 13 is great Therefore, the response speed becomes tower than in the second 
embodiment but the productfon process becomes simpler because the protrusion is disposed on only one of the skies 
of the substrate. Further, because the ocopying area of the protrusion inskie the pixel is smafl. display luminance can 
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be improved. 

Rg. 253 shows a pfctrusion pattern of another modification of the second embodiment. The protrusion 20A dis- 
posed on the electrode 12 on the side of the CF substrate 16 is positioned at the center of the pixe! 9. and no protrusion 
is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for exarrple. Therefore, the liquid crys- 
tal is oriented in four directions inside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
rtance can be aD the more irrproved. 

In the first and second erTi)odiments, numerous linear protrusions extending unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 
which fiqutd aystalBne molecules in two regions are aligned differ from each other by 180». The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with aamuths including an azi- 
muth corresponcfing to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exHbited relative to 6ght conponents prop- 
agating vertically to the light components, the problem descrftjed in conjunction with Figs. 7A to 7C occurs. For this rea- 
son, orientation division shoUd preferably be division of the orientation into four directions. 

Fig. 34 is a diagram showing a pattern of protiiisions in the third embodiment As shown n Fig. 34. in the third 
embodiment, a pattern of proti-usions extending lengthwise and a pattern of protrusions extencfing sideways are created 
within each pixel 9. Herein, the pattern of protrusions extending lengthwise is created m the upper half of one pixel, and 
the pattern of protrusions extending sideways is aeated in the lower haH thereof. In this case, the pattern of protrusions 
extending lengthwise cfivides the orientation of the liquid crystal sideways into azimuths that are mutually cfifferent by 
1 80*. that is, divides each pixel or domain sideways into two regions. The pattern of protrusions extencfing sideways 
divides the orientation of the Bquid crystal lengthwise into azimuths that are mUually different by 18(r. that is. divides 
each pixel or donrain lengthwise into two regions. Consequentiy. the orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics thereof reiativo to 
both the vertical direction and lateral direction are improved. In the third embodiment the conponents other than the 
pattern of protrusions are identical to those of the first embodiment 

Fig. 35 is a (fiagram showing a modification of the pattem of protrusions of the third entxxfiment This modification 
is cfifferent from the third embedment shown in Fig. 34 in a point that a pattern of protnisions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protmsions extending sideways is created in the right half thereof. 
Even in this case. Bke the patterns of protrusions shown in F»g. 34, the ori^rtation of the liquid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical cfirection and 
lateral drection are trrproved. 

The first to third embodiments use protrusions as a domam regulating means for reafizing orientation divisioa As 
shown in Fig. 36, the afignment of liquid crystalline molecules near the apices of the protrusions is not regulated at an. 
Near the apices of the protrusions, the afignment of Bquid aystaOine molecules is therefore not controHed to deteriorate 
display quality The fourth embodiment is an example lor solving INs kind of problem. 

Figs. 37A and 37B are diagrams showing the shapes of protrusions in tfie fourth embodiment.. The ottier conpo- 
nents are identical to those of ttie first to ttiird embodiments. In the fourth embodiment, as shown in Fig. 37A the pro- 
trusions 20 are partiy tapered. The length of the taper portions is about 50 micrometers or less than it. For aeatoig a 
pattern of this kind of protrusions, the pattern is drawn using a positive resist and the protnsions and taper portions 
are created by perfonming slight etching. With the ttius aeated protrusions, the afignment of fiqiid aystafline molecules 
near the apices of the protrusfons can be controlled. 

Moreover, in a modification of the fourth enixxfonent. as shown in Fig. 37B, tapered juts 46 are formed on each 
protrusion 20. Even in this case, the lengtfi of each tapered portion is about 50 micrometers or less than it For aeating 
a pattern this kind of protrusions, the pattern is drawn using a positive resist and the protrusfons 20 are aeated by 
performing slight etching. A positive resist whose thickness is about a half of the height 6f the protoisions is applied, 
and the tapered juts 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the afignment of 
liquid aystallffie molecules near the apices of the juls can be controlled. 

Figs. 38A and 38B are cfiagrams showing the structure of a panel in tt>e fifth embodiment Fig. 38A is a cfiagram 
Illustratively showing a state k\ wtw*) the panel is seen obliquely, and Fig. 388 is a side view. The Fifth entxxJiment is 
an example in which the structure of a panel corresponds to the structure shown in Fig. 120. The protnjsions 20A are 
created as aiustrated on the electrode 12 (herein, a common electrode) fonmed on the surface of one substrate 
applying a positive resist and the slits 21 are aeated in the electrodes 13 (herein, cell (pixeQ electrodes) formed on the 
surface of the other substrate. 

Cost serves as an important factor for determining whether a liquid crystal display device gouU become conwner- 
cially successful or not The liquid aystal display device of the VA system and. partiaJarly, ttie VA system equipped with 
a domain regulating means features a high display quairty as desatoed above but becomes expensive due to the pro- 
vision of the domain regulating means and. hence, it has been desired to further deaease tfie cost 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an increased nunt>er of steps arxl increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a sJit is fomied. On the side of the TFT substrate, therefore, the cost can be 
decreased when the domain regiiating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit is to be formed in the 
opposing electrode, an etching step must be executed after the pattemed photoresist is developed When the protru- 
sion is to be formed on the opposing electrode, however, the deveioped photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Uke in the liquid crystal display device of the first errtxxfimem of the 
present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter siijstrate is formed by a protrusion, driving up 
the cost little. 

Fig. 39 is a diagram showing a pattern of slits of each pixel electrode in a nxxfification of the fifth en*odiment This 
modification corresponds to an example in which the protrusions 20B are replaced with the slits 21 in the third en*od- 
iment. 

When a slit is formed in the pixel electrode to divide H into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, and electric connection portions must be prx>vided to connect the partial 
electrodes together. When the electric connection portions are formed on the same layer as the pixel electrodes, orien- 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristics, lumi- 
nance of the panel and response speed. 

According to this as shown in Fig. 39, therefore, the electric connection portions are formed in the perim^ of the 
pixel electrode 13 and are shielded by the black matrices (BM) 34 to obtain lurranance and response speed conparaWe 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into Kjpper and lower two por- 
tions. Reference numeral 34A denotes an openkig ol the upper side defined by BM. and 34B derxrtes an opening of the 
lower side defined by BM, and light passes through the inside of the openings. 

The bus fines such as gate bus Ines 31 and data bus lines 32 are made of a metal materiai and have light-shielding 
property. To obtain stable display, the pixel electrodes must be so formed as wiH not be stperposed on the bus fines, 
and light must be shielded between the pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconducta. the element characteristics undergo a change upon the incidence of light giving rise 
to the occun-ence of erroneous operatioa Therefore, the TFT portions must be shielded from light Therefore, the BM 
34 has heretofore been provided far shielding light for these portiors. According to this embodiment the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shtelded by the BM 34. There is no need to newly 
provide the BM for shielding Sght far the electric connection portions; i.e.. the conventional BM may be used or the BM 
may be slightty expanded without decreasing the numericai aperture to a serious degrea 

The panel of the fifth embodtfnent is of a type in which each pixel is divided into two portions, and therefore basi- 
cally extTtoits the sanr>e characteristics as the one of the first embocfonent The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embocfimem when the phase^rfferenro 
tion film is employed. The response speed of the panel is slightly lower than that of the panel of the first enixxiiment 
because oblique electric fields siduced by the slits fornried in one substrates arc utilized. Nevertheless, the on speed '© 
8 nre. the o« speed is 9 ms. and the switching speed is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned above, display is seen little irregular However, the manufacturing 
process is simpl©- than those of the first and second enrtxxJiments. For example, in t^ 

trodes (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusiorK is then drawn on a com- 
mon electrode using a photoresist As already descrbed. the rubbing step is urviecessary. and the associated after- 
rubbing cleaning step can therefore be omitted. 

For the reference, the measi^ement results of an example in which slrts are provided on ttie cell (pixeO electrode 
and no slit is provided on the couter electrode is descrtoed. In this example, the ceil electrodes have the slits, and the 
width and pitch of the slits are determined property. Owing to this constitution, stable afignment is attained, that is. liquid 
crystalline molecules are aligned in all azimuths of 360** inside walls defined with oblique electric fields inAiced near 
the slits. The liquid crystalfine molecules are aligned in afl azinrirths of 360** within each small region. The viewing angle 
characteristic of the panel is therefore excellent. An image that is seen homogeneous in all azimuths of 360* can be 
produced. However, a response speed has not been improved. An on speed is 42 ms. ar^ an off speed is 15 ms. A 
switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 
much. This means that no problem occurs in displaying a still image but the response speed is not Wgh enough to cfis- 
play a motion picture Gke the one offered by the IPS mode. If a number of the slits is decreased, the response speed is 
further decreased. This is presumably that when the number of the slits is deaeased, the area of each domain 
becomes large, and it lengthens a time in which all liquid aystalline nrxjlecuies are oriented. 
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In the fiWi emborfment wtien a voHage is applied, the liquid crystal has portions, in which molecular alignment is 
unstatjie. Ihe reason wfll be described with reference to Figs. 40 and 41 . Fig. 40 is a diagram illustrating the distribution 
of orientation of liquid crystaOine molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the Dquid crystalline molecules are oriented in a direction perpendicular to the 
direction in which the protnision and the slit extend as viewed from the upper side. In the electric connection portion 
however, the liquid crystalfine mdecules 14a are oriented in different directions, developing abnormal orientation! 
Therefore, as shown in Rg. 41. Iquid crystalline molecules in the spaces between the protmsions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20 A and slits 21 . 
Near the apices of the protrusions and the centers of the sfits. liquid crystalline molecules are aligned in a horizontal 
direction but not in the vertical direction. ObBque electric fields induced by the slopes of the protrusions or the slits &^a- 
ble control of the fiquid crystal in ihe vertical direction in the drawing but cannot enable control in the lateial direction. 
For this reason, a random domain is produced sideways near the apices of the protrusions mi the centers of the slits. 
This has been conTinned through microscopic obsen/ation. A domain near the apex of a protrusion is too smaD to be 
discerned, causing no proWem. However, an area occupied by a domain having tiquid crystaPine molecules aligned 
sideways and lying near a sfit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregular. This leads to deteriorated display quality. The panel in the fifth entxxliment makes a little poor inpres- 
sion on image quafity compared with the one provided by the first embodiment, though display has no problem. 

Abnomial orientafion causes the luminance of the panel and the response speed to decrease. For example, a com- 
parison of a practkal device in which an electric connection portion is formed at the central portkwi of the pixel electrode 
with a practical device in which a protrusion is provided, indicates abnormal condtwns such as a drop in the luminance 
and a residual image in which white appears bright for a moment when Wack changes into white. In the sixth embodi- 
ment this problem is sdved. 

A panel of the sixth entxxfiment is provkled by modifying the shape of the prolruskjns 20A and that of the slits 21 
in the cell electrodes 13 in the panel of the fifth embotfment. Fig. 42 is a diagram showing the shape of the protrusions 
20 A of the sixth en*odimem and that of the cefl electrodes 1 3 thereof whic^ 

As fliustrated. the prolrusfans 20A are zigzagged. Owing to this shape, as shown in Fig. 43, a domain divided regularly 
into four regions is produced. Consequently, irregular display that poses a problem in the fifth entxximem can be over- 
come. 

Rg. 44 is a pl an view of a pixel portwn in the LCD according to a sixth embodiment of the present invention. Rg. 
45 is a diagram illustrating a pattern of a pixel electrode aooofding to the sixth ennbodimem, and Rg. 46 is a sectional 
view of a portion incficated by A-B in Rg. 44. 

Referring to Rgs. 44 and 46. in the LCD of the sbcth embodiment on one glass substrate 1 6 are formed a Uack 
matrix (BM) 34 tor sNekfing igH and a cdor decomposition filter (cokx firter) 39. and a correnon electrode 1 2 is farmed 
on one surtace thereot Moreover. sequerKes of protrusions 20A are fanned in a zig-zag maimer. The glass substrate 
1 6 on which the cotor filter 39 is tomwd is called color fitter substrate (CF substrate). On the other glass substrate 17 
are formed a plurafity of scan bus Iffies 31 arrariged in parallel, a pluraTity 

direction perpendioiar to the scan bus lines. TFTs 33 ananged 6ke a matrix to con-espond to the intersecting points of 
the scan bus lines and the data bus lines, and (fisplay pixel (ceB) electrodes 13. The scan bus ftnes 31 fbmi gate elec- 
trodes of the TFTs 33. and the data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 4 1 are fomied 
in the same layers as the data bus Bnes 32 and are formed simultaneously with the fonnation of the drain electrodes. A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are fonned on predetermined por- 
tions between thescanbusfineSland the data bus line 32. an insulating f am is formed on the layer of the data bus line 
32 and. besides, an TO fSm oorresponcfing to the pUel electrode 13 is formed thereon. The pixel electrode 13 is of a 
rectangular shape of 13 as shown in Rg. 45. and has a pfaralrty of slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of every pixel electrode 13. furthemwre. a CS electrode 
35 IS provkied to farm a storage capacitor. The glass substrate 1 7 is caBed TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates are 
arranged being deviated by ooe^wlf pftch of their arrangement so that the substrates maintam an inverse relationship. 
The protrusions and the sfits maintain a posHtonal relationship as shown in Pig. 12C. and the orientation of the nqukj 
crystals is <«vided into four (Srections. As descrtoed above, the pixel electrode 13 is fanned by forming an TO fHm 
applying a photoresist fhereoa exposk^g H to light through a pattern of electrode, foltowed by developing and etching' 
Therefore, the slit can be farmed through the same step as the conventional step if the patterning is so effected as to 
remove the portion of the sfit without driving up the cost. 

Upon fanning the sfits in the pixel electrode 13. the pixel electrode 13 is divided into a pluraftty of partial electrodes 
Here, however, a signal of the same voltage must be applied to the partial electrodes and. hence, the partial electrodes 
must be electrically connected together. According to this embodiment as shown in Rg. 45. therefore, the pixel elec- 
trode 13 is not compldely dvided by slits, but the electrode is left at the perimetric portwns 131 . 132. 133 of the pixel 
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electrode 13 to form electric connection portions. As described above, the alignments of the molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as shown in Fig. 10. the electric connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed comparable wrth those of when protrusions are formed on both of them. In this entxxliment in 
which the CS electrode 35 having light-shi elding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34A denotes an opening of the wer side ddined by BM 
and 34B denotes an opening of the lower side defined by BM, and light passes through the inside of the openings. ' 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhtorted by the sixth errtxxlimenL As illus- 
trated, the viewing angle characteristic is exceOent and irregular display is overcome. Moreover, a respor^se speed is as 
high as a switching speed is 1 7.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 498 iBustrate another example of the pattern of the pixel electrode, whereh the BM 34 shown in Rg 
498 IS formed on the pixel electrode 13 shown in Rg. 49A. The pattern of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 

In the fifth and sixth efrbodiments. slits can be provided in the place of the protrusions on the counter electrode 12 
Namely, both of the domain relating means are realized by the slits. However, in this constitution the response speed 
is decreased. ' 

In the sixth embodiment the electric connection portions are formed in the same layer as the partial electrodes 
The electric connection portions, however, may be formed in a separate layer. A sa/enth entxjdiment deals with this 

case. 

Figs. 50A and SOB are iSagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 134 
IS formed simJtaneously with the formation of the data bus line 32. and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this ertibodiment the connection electrode 
134 s formed simuttaneousfy with the data bus fine 32. However, the connection electrode 134 may be Ibrnied simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of the bus fine. In this case, however, a step must be newly provided for fonning the connectfon electrode 
I.e.. a new step must be added In order to simplify the steps, it is desired to form the connection electrode simuttane^ 
ousiy with the formatfon of the bus fine or the CS electrode. 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
arated away from the riqua crystal layer than that of the sfartherrixxfime^ making rtpos^e to further decrease abnor- 
mal orientatioa When the connection electrode is fonned of a light-shielding material, such a portion is shielded from 
light and the quaTity of dispiay is further inpfoved 

Fig.51 B a plan view of a pocel portion according to a eighth embodirnent^ 
tion A-B m Rg. 51 . The eighth entxxfiment is the same as the sixth entxxfirnent except 

in the slit of the pixel electrode 13. Both the slit of the electrode and the insulating protnision fonned on the electrode 
define the onentation region of the liquid crystals. When the protrusion 20C is formed in the slit 21 as in this embodi- 
ment, the directions of orientation of the liquid crystals due to the slit 21 and the protajsion 20C are in agreement the 
profrusion 20C assisting the division of orientation by the slit 21. to inprove stabifity. Therefore, the orientation is riwe 
stabilized and the response speed is more inaeased than those of the first embodiment Referring to Rg 52. the pro- 
trusion 20C IS formed by laminating the layers that are formed when the CS electrode 35. gate bus line 31 and data bus 
line 32 are fonned. 

'^•gs-SSA to 53J are diagrams illustrating a process for produdng a TFT subs^ 
tment In Rg. 53A. a metal flm of the gate layer is formed on a glass substrate 17. In Fig. 53a portiorB corresponding 
to gate bus lines 31. CS electrodes 35 and protrusions 312 are left relying upon the photolithography method In Rg 
53C. a gate-insulating flm. an amorphous silicon active layer and a channel protection fflm are cortinuously formed In 
Rg^530. the channel protection fifrn 314 is left in a self-aligned manner by exposure to light through the back surface 
In Fig. 53E. a metal film 321 s formed for forming the contact layer and the sourcedrain layer. In Rg. 53F a source 
dectrode 41 and a dram electrode 42 are formed relying on the photofithography method. At this moment the metal 
film IS left even at a position corresponding to the protnjsion 20C on the mside of the slit In Rg. 53G, a passivation fflm 
33 IS formed. In Fig. S3H. a contact hole 332 is formed for the soiree elecfrode 41 and the pixel electrode. In Fig 531 
an TO fim 341 is formed. In Fig. 53J. a pixel electrode 13 is formed by the photolithography method. Slits are fonned 
at this moment 

According to this embodiment as descrbed above, the protrusion 20C is formed in the slit 21 of the pixel electrode 
1 3 without however, increasng the number of the steps compared with the conventional process. Besides the orien- 
tation IS further stabffized owing to the protrusion 20C. In this embodiment the protrusion in the sfit of the pixel electrode 
IS formed by superposing three layers, i.e.. gate bus line layer, channel protection layer and sourceAirain layer The pro- 
trusion, however, may be formed by one layer or by a combination of two layers. 
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Fig. 54 »s a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pix^ portions of the ninth errtjod- 
imenL A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20Aand 20B 
in the panel of the first embodiment like those in the one of the sixth embodiment. As illustrated, the protaisions 20A 
and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the swiaces of each protrusion reaching and receding from a bent are mutually different by 90^ Since liq. 
uid crystalline nrwiecules are aligned in a direction vertical to the surfaces of each protnision. an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the liquid crystal 
layer is 4.1 ^m. a width and height of the protrusions 20 A are respectively 10 and 4 ^m, a width and height of the 
protrusions 20B are respectively 5 jim and 1 .2 pm. a gap between the protrusions 20A and 208 (a distance in the direc- 
tion shifted by 45- from the horizontal fine in the figure) e 27.5 ^m. and a size of the pixel (pixel arrangement pitches) 
IS 99 Jim X 297 ^m has been made. As a resdt of measurement of this panel the response speed of the panel is iden- 
tical to that of the panel of the first embodiment TTie viewing angle characteristic thereof is identical to the one in the 
sixth embodiment and is so excellent as to demonstrate that the orientation is divided vertically and laterally unifomily 
Optimal values of the width, heght and gap of the protrusions have relations to each other. Further, they are changed 
according to matenals of the protrusions, vertical alignment film, liquid aystal. a thickness of the liquid crystal layer and 



In the panel in the ninth embodiment, the direction of tilt of liquid aystalBne molecules can be controlled to include 
four dkectiona Regions A. B. C. and D in Rg. 54 are regions to be controlled so that liquid crystalline molecules therein 
wifl be afigned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in afl pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Rg. 47 to 48C is exWbited 
but does not reflect the uneven ratio regions resulting from orierrtation division. However, this state is not very pref- 
eraWa The pattern of protruskxis shown h Rg. 54 is therefore formed all over the substrates with the pitch of pixels 
ignored The width of a resist is 7 micrometers, an inten/al between resist lines is 15 n^crometers. the height o* the 
resist IS 1 . 1 micrometers, and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist fines interfered with 
gate bus rv>es and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
was increased to be 15 micrometers and the interval between resist Imes was increased to 30 micrometers nearly the 
same results were obtained. Consequently, when the width of protasions and the pitch of repeated patterns are made 
much smaDer than the pritch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel ignored 
good dfeplay can be attained. Besides, ttie freedom in design expands. Ftx conpletely preventing interference with bu^ 
lin^. the Pilch of repeated patterns of protrusions or dents should be set to an integral submult?3le or nn^ple of the 
pitch of pixels. Ukewise. a cyde of protrusions must be designed in consideration of a cyde of pixels and should pref- 
eraWybesettoanirtegralsubmuttipleorrreittipleofthepitchofpixels 

In the ninth entxxftnent. when a pattern of protrusions that is discontinuous like the one shown in Rg 56 is 
adopted, the ratio of regions within one pixel in which liquid crystalline molecules are aligned in four different Erections 
IS even. There is stffl no particular problem in manufacturing. However, since the pattern of protrusions is discontinuous 
the orientation of the liquid crystal is disordered at ttie edges of patterns. This leads to deteriorated display quafity such 
as light leakage. Even from this viewpoint preferably, the pitch of repeated patterns of protoisions should be matched 
wrth the pitch of arrayed pixels, and a continuous pattern of protrusions shoiAi be adopted. 

In the nimh embodiment, the protrusions of dielectric materials are fonned in a zig-zag manner on the electrodes 
1 2. 1 3 as ttie donrein regulating means and ttie protoisions regulate the alignment direction of ttie liquid aystaffine mol- 
ecules. As desabed above, the slits provided on ihe electrodes generate cbftque electric fields, at the edges ttiereof 
and ttie oblique electric fields operate as ttie domain regulating means. The edges of ttie cell (pixel) electrodes als<i 
gen^ate obfique electric field. Therefore, ttie obfique electrk: field must be considered as ttie domain regulating means 
Rgs. 57A and 57B are diagrams tor explaining ttiis phenomenon and shows ttie case of ttie vertical orientation 
somewhat inclined from ttie vertical direction. As shown in Rg. 57A each liquid aystal particle 14 is oriented substan- 
tially vertically when no voltage is applied ttiereto. Upon appUcation of a voltage between electrodes 12 and 13 how- 
ever, an electric field is generated in vertical direction in ttie electrodes 12 and 13 in ttie region ottier ttian ttie perbneter 
of the electrode 13. so ttiat ttie liquid crystalline molecules 14 are tilted n ttie direction perpencScular to ttie electric field 
One electrode is a common electrode, and ttie ottier electtode is a display pixel electrode separated into each cfisplay 
pixel. Therefore, as shown in Rg. 57B. ttie direction of ttie electric field 8 is inclined at its perimetric edge (edge) The 
liquid crystalline molecules 14 are tilted in ttie direction perpendicular to ttie electric field 8. The direction of inclination 
of ttie liquid crystal, ttierefore. is dfferent between the central portion and ttie edge of ttie pixel as shown. This phenom- 
enon K called -reverse m\ A reverse tilt causes a schlieren structure to be formed in the display pixel area and thus 
deteriorates ttie display quality. 

The reverse tilt also occurs in the case where ttie domain regulating means is used. Rg. 58 is a diagram showing 
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a portion 4 1 where the schlieren structure can be observed in a configuration formed with the zigrag protrusion pattern 
of the ninth embodiment. Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schlieren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tilted upon 
application of a voHage theieto. In tHs case, protrusions of different materials are formed on the pixel electrode sub- 
strate formed with a TFT and on the opposed substrate formed with a common electrode. A vertical alignment fUm is 
printed, and the device is assembled vwthout being rubbed. The cell thidciess is 3.5 ^m. The portion 41 where the 
schlieren structure is observed is where the drection in which the liquid crystalline molecules are fallen by the orienta- 
hon regulation farce due to the diagonal electric field is considerably different from the direction of orientation regulation 
due to the protrusions. This reduces the contrast and the response rate, thereby leading to a deteriorated display qual- 

In the case where the liquid crystal display device configured of a protrusion patten bent m zigzag in the ninth 
errixxJiment is driven, the display is darkened in a part of the display pixels, or a phenomenon called an after-image in 
which a somewhat previous tfispiay appears remaining occurs in the display of an animation or cursor relocation Fig 
60 IS a diagram showing a region appearing Wack in the pixel on the liquid aystal panel configured in the ninth embod- 
imenL In this region, the change m orientation is found to be very slow tpon application of a voltage. 

Pig. 61 A is a sectional view taken in line A-A' in Fig. 60, Fig. 61B is a sectional view taken in line B-B' As shown in 
Fig. 60. the section A-A' has a re^ looking black in the neighborhood of the left edge, whfle the neighborhood of the 
nght edge lacks a region appearing Wack In correspondence with this, as shown in Rg. 61 A, the cBrection in wvhich the 
liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably 
different from the direction of oriertetion regulation due to the pfotrusk)ns m the neigfiwrhood of the left edge, while the 
direction in wh«h the Bquid crystaOine molecules are tilted by the orientatk)n regulation force due to the diagonal electric 
field comparativdy coincides with the direction of orientation regulation due to the protrusions in the nagWxwhood of 
the right edga In sffnilar fashioa a region kx)king Uack is present in the neighborhood of the right edge but absent in 
the neighborhood of the left edga In conespondence with this, as shown in Rg. 61 B. the direction in which the liquid 
crystalline molecules are tilted by the orientatkxi regulation force due to the diagonal electric fieW is considerably differ- 
ent from the d^ection of orientation regubtkxi due to the protrusions in the neigWjorhood of the right edge white the 
direcboo in whk^i the liquid crystafline molecules are tilted by the orientatton regulation force due to the diagor^ electric 
field comparatively coirwides with the direction of orientaffon regulation due to the protrusions in the neigrtwrhood of 
the left edge. 

As descrbed above, the deterioratton of the display quality is attributable to the portk)n where the direction in which 
the Bquki crystalline molecules are tilted by the orientation regubtion force due to the diagonal electric Held at an edge 
of the display pxel electrode is considerafaly cfifferent from the orientation regulation force due to the protrusfons ux)n 
appOcation of a voltage thereto. ^ 

In the case where a liquid crystal display devfce having a configuration wHh a protrusion pattern is driven, the dis- 
play quality 6 seen to deteriorate in the neighborhood of the bus tine (gate bus line or data bus ine) in the pixel This is 
due to the undesirable minute regfon (domain) formed in the neighborhood of the bus line and the resutttng distwbance 
of liquid crystal orientation and reAjced response rate. The problem thus is posed of a reduced viewing angte charac- 
teristic and a reduced color characteristic n half tone. 

Figs. 62A and 628 are dia^aws showing a fundamental configuratfon of a LCD according to a tenth entxxfiment 
A pixel functions within the range defined by a cell electrode 13. which win be called a display region and the remaining 
part a non-display region. NormaMy, a bus line and a TFT are arranged in a no^display region. A bus line made of a 
metal matenal has a masking characteristic but a TFT transmits fight. As a resiit a masking merT*>er caned a Uack 
matrix (BM) is inserted between a TFT, a cell electrode and a bus Bna 

According to the tenth entxxfiment, a protruskxi 20A is arranged in the non-display region on a common electrode 
12 of a CF substrate 16 so as to generate an orientation regulatfon force in a direction cfifferent from the orientation 
restriction force exerted due to a diagonal electric field generated by an edge of the ceH electrode 13. Rg 62A. shows 
the stale where no voltage is applied. In this state, liquid crystalfine molecules 14 are oriented substantially perpendic- 
ular to the surfaces of the electrodes 12. 13 and the protrusion 20A due to the vertfoa! oriortation process. Upon appfi- 
cation of a voltage thereto, as shown in Fig. 62B. the liquid crystalline molecules 14 are oriented in the direction 
perpendicular to the electric fieW 8. bi the non^iispl^ region lacking the cell electrode 13. the electrk; field is formed 
diagooaUy from the neighborhood of an edge of the cell electrode 1 3 toward the non^lisplay region. This diagonal elec- 
tric field tends to orient the Squid crystalfine molecules 14 in a direction different from the orientation in the cfisplay 
region as shown in Rg. 57B. The orientation regulation force of the protmsion 42. however, orients the Bquid crystalfine 
molecules 14 in the same direction as in the cfisplay region, as shown in Rg. 62A. 

Fig. 63 is a diagram showing a protrusfon arrangement pattern in a liquid crystal display device of the tenth en*od- 
iment. Fig. 64 is a diagram shaving, in enlarged forni. the portion defined by a drde in Rg. 63. In the tenth embodiment 
a new protrusion 52 is formed ki the vicinity of the portion where a shiieren structure is observed. This protrusfon 52 i^ 
connected to and integrally formed with a protrusion arrangement 20A formed on the common electrode 12 The rela- 
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tion shown in Figs. 62A and 52B is realized at the portion formed with the protrusion 52. where the orientation of the 
liquid crystalline molecules 14 at an edge of the cefl electrode coincides with the orientation in the display region as 
shown in Fig. 64. Therefore, the schlieren structure that has been observed in Fig. 58 cannot be observed in Rg. 64 for 
an improve display quality. 

Rg. 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel electrode 13 In 
this modification, no shiieren structure is ot>served. 

The tenth embodiment, which uses an aaylic transparent resin for the protrusion, can alternatively use a Wack 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore inproves the con- 
trast. This is also the case with the embodiments described below. 

The protrusion 52 which is formed as a non-(fisplay region domain regulating means in the non^isplay regiori as 
shown in Rgs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however is 
required to be formed on the TFT substrate. 

Any non<Jisp!ay domain regulating nf>eans which has an appropriate orientation regulation force can be enptoyed. 
The direction of orientation rs known to change, far exarnple, when the light of a specific wavelength such as ultraviolet 
light is irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Rgs. 65A and 65B are diagrams for explaining the change in orientation direction by irradiation of ultraviolet fight. 
As shown in Fig. 65A. a vertical afignment fBm is coated on the substrate si^ce. and a non-polarized ultraviolet light 
is irradiated on it from one direction at an angle of, say. 45» as shown \n Rg. 65B. Then, the direction of orientatwn of 
the liqukJ crystalline molecules 14 is known to tilt toward the direction in whidi the ultraviolet light is irradiated. 

Rg. 66 is a diagram showing a modTication of the tenth embodiment. The ultraviolet light is irracfialed from the 
direction incficated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-cfisplay domain regulating means shown in Rg. 63. As a result the portion 53 comes to have an 
onenlation regulation force acting in such a drection as to offsrt the effect of the diagonal electric f iekJ at the edge of 
the cell electrode 1 3. Consequentiy. an effect similar to that of the tenth embodiment shown in Rg. 63 is obtained. The 
ultraviolet light, though irracfiated only on the TFT substrate in Rg. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT sUsstrate and the CF substrate. The direction in which the uftravfolet Dght is kradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in. relation to the 
irradiatfon conditions and the orientation regulation force due to the (fiagonal electric field. 

The non^Jispiay region domain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orientation of the Squid orystaHine molecules in the display re^on and st^fizes 
the orientation of the liquid ayslaifine moleoies in the display region, is applkabte to various systems induding the VA 
system. 

Now. desirable arrangements of the protrusions and depressions, which operate as the domain regutating means 
which respect to edges of pixel electrodes wfll be described. F»gs, 67A to 67C are 22 diagrams showing fmdamental 
relative positfons of the edge of tie ceO electrode and protneions acting as donrain regulating means. As shown in Rg 
67A, protojsions 208 are arranged at the edges of the cell electrode 13. or a protrusion 20A is arranged on the common 
electrode 12 opposed to the edge of the cefl electrode 13 as shown in Rg. 67B. As another aHernative. the protrusfon 
20A on the CF substrate is formed inside the cfisplay region with respect to the edges of the cen electrode 13. as shown 
in Rg. 67C, while the protmsfon 20B on the TFT substrate 1 7 is arranged in the non-cfisplay region. 

In Fjgs. 67A and 67B. the protrusions are ananged at the edges of the ceO electrode 13 or in opposed relation 
thereto, and the region where the protrusions affect the orientation direction of the liquid crystal is defined by the edges 
Regardless of the state of the diagonal electric fieU in the non^fisplay regfon. therefore, the orientation in the (fisplay 
region is not affected whatsoever. Thus, a stable orientation is sealed in the display regfon and the display quafity is 
irrproved. 

According to the condtions far arrangement shovwi in Fig. 67C. the orientation restrkrtion force of the diagonal elec- 
tric field at an edge of the ceO electrode 13 is in the same direction as the orientation regulatfon force of the protrusions 
and therefore a stable orientation can be obtained without devefoping any domain. 

The conditions under which the direction of the orientation regulation force of the diagonal electric field coincides 
with the direction of the orientation regulatfon farce of the domain regulating means can be realized also using a depres- 
sion instead of a protrusion. Rg, 68 is a diagram showing an arrangement of edges and depressions for realizing the 
conditions tor arrangement eqiivalent to Rg. 67C. Specif icaBy. the protmsions 20B on the TFT substrate 17 are 
arranged inside the display re^on. and the protmsions 20A on the CF substrate are arranged in the non<fisplay region 
with respect to the edges of the cell electrode 13. 

Figs. 69A and 69B are diagrams showing an anangement of a linear (striped) protrusfon arrangement constituting 
a domain regulating means on a LCD realizing the conditions Fig. 67C in the first en*odiment Fig, 69A is a top plan 
view and Rg. 69B is a sectional view. In the conf iguration of Rgs. 69A and 69B, the protruskxi height is about 2 pm. the 
protrusion width is 7 nm and the inter-protrusion interval is 40 pm. After two substrates are attached to each other, the 
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prolrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF sut>strate In order 
to realize the conditions of Rg. 67C. the protrusions of the TFT substrate 1 7 are interposed between the cell elecUodes 
13. Since a gate bus line 3i is interposed between the cell electrodes 13. however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 31. 

With the LCD of Figs. 59A and 69B. no undesirable domain is observed and the switching speed is not low at any 
portion. Therefore, a superior display quality is obtained without any afternmage. Assuming that the protaisions 20B 
between the cell electrodes 13 in Figs. 69A and 69B are arranged at the edges of the cell electrodes 13. the condtions 
of Fig. 67A can be met. while rf the arrangement of the protrusions 20A and 208 is reversed between the two sub- 
strates, on the other hand, the conditions of Rg. 678 are satisfied. The protrusion arranged on or in opposed relation 
to the edges can alternativ^y be arranged either on the TFT substrate 17 or on the CF substrate 16. Considering the 
displacement of the substrates attached to each other, however, the protrusions are desirably formed at the edges of 
the ceil electrodes 1 3 on the TFT substrate 1 7. 

Figs. 70A and 708 are diagrams showing an arrangement of a protrusion arrangement of anrther protaision pat- 
tern tor a LCD according to a eleventh embodiment satisfying the conditions of Rg. 67C Rg. 70A is a top plan view and 
Rg. 708 ts a sectional view. As shown, a checkered grid of protrusions is arranged between the cefl electrodes 1 3 and 
protrusions simflar in shape to the above-mentioned protrusion pattern are fomied sequentially inward of each pix^ 8y 
use of this protrusion pattern, the orientation in each pixel can be divided into fow- directions, but not in equal proportion 
Also in this case, the checkered protrusion pattern is arranged on the gate bus line 3 1 and the data bus line 32 between 
the cell electrodes 13. 

Also in Rga 70A ar^J 708. the conditions of Figs. 67A and 678 are satisfied if the protrusions 208 othenwse inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge erf the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, toa the partrusions are preferably formed at the 
edges of the cell electrode 13 on ff)e TFT substrate 17. 

In the example shown in Figs. 70A and 708. protrusions are formed in rectangular grid similar to the rectangular 
cefl electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured tor all the direc- 
tions of onentation. In view ol this, a protrusion arrangement bent in zigzag showvn in the ninth embodiment is con- 
ceived. As described with reference to Figs. 58 and 60, however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 1 3 unless protrusions are formed as shown in Fig. 63. For this reason 
independent protrusions for cSfferent pixels, not a continuous anangement of protrustons as shown in Fig. 71 is the next 
subject of discussion. In the case where the protrusions 20A and 208 are formed as shown n Fig 71 h^ever an 
abnormal orientatton occurs at the portion incficated by T of the pixel 1 3. with the result that the different in dista'nce 
from an electric field controiter (TF) 33 poses the problem of a reduced response rate. With the protoision anangement 
bent m zigzag in a rectangular pix^. H is irrpossa^le to satisfy the concfitions for arrangement of the protrusions in rela- 
tion to all the edges of the cefl electrode shown in Fig& 67A to 67C. A twelfth entodiment is intended to solve this orob- 
lam. 

Rg. 72 is a dayam showing the shapes of the cell electrode 13. the gate bus line 31. the data bus line 32 the TFT 
33 and the protrusions 20A, 208 according to the twelfth embodimem. As shown, in the twelfth entxxJiment the cell 
electrode 13 has a shape simflar to the bent form of the zigzag protrusions 20^ 208. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 
improve the response rate According to the twelfth errixxSment. the gate bus line 31 is also bent in zigzag in confbmi- 
ance with the shape of the cell electrode 13. 

As far as the protrusions arranged on the gate bus fine 31 are fanned on the portions in opposed relation to the 
edges of the cell electrode 13 or the edges of the CF substrate, the conditions of Figs. 67A and 678 are satisfied In this 
case, toa the protrusions are desirably formed at the edges of the cell electrode 13 on the TFT substrate. 

Nevertheless, the concfitions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 but 
not for the edges parallel to the data bus fine 32. As a result the latter portion is exposed to the effect of the diagonal 
electnc field, thereby posffig the proWem desabed above with reference to Figs. 57A to 60. 

Rg. 73 is a dia^m showing the shapes of the cell electrode 13. the gate bus line 31. the data bus Im^ the TFT 
33 and the protrustons 20A, 208 according to a modification of the twelflh enOodiment Unlike ai the twelfth' embodi- 
menfofFig. 72 »i which the gate bus line 31 is shaped in zigzag in confom^e with the shape of the cel^ 
the cell electrode 13 is shaped as shown m Fig. 73. so that the gate bus line 31 is rectilinear while the data bus fine 32 
IS bent m zigzag. In Rg. 73. the protrusions 20A and 208 are not dependent for different pixels but form a continuous 
protrusion covenng a pluraBty of pixels. The protrusion 208 is arranged on the data bus line 32 laid vertically between 
the cell electrodes 13 thereby to satisfy the conditions of 67C. The arrangement of Fig. 73 can also realize the condi- 
tions of Figs. 67A and 678. as far as the protrusions arranged on the data bus line 32 are formed in spatially opposed 
relation to the edges of the eel electrode 13 or the edges of the CF substrate 16. In this case. too. the protrusions are 
desirably formed at the edges of the cell electrode 1 3 on the TFT substrate 1 7. 

In the arrangement of Fig, 73. each protrusion crosses the edge of the cell electrode 13 paraflel to the gate bus line 
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31 . The resulting effect of me diagonal electric field on this portion gives rise to the problem described above with ref- 
erence to Figs. 57A to 60 ® 

Rg. 74 is a diagram shewing another modification of the twelfth embodimerrt. In the arrangement shown in Fig 74 
the protrusions are bent twice in a pixel. This makes the pixel somev>rhat rectangular in shape as conpared with Fio 73 
and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32 the TFT 
j33 and the protrusions 20A. 20B according to a tNrteenth embodiment. Rgs. 76A and 76B are sectional views taken in 
lines A-A- and B-B' in Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
1 3 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-display region domain regu- 
lating meaiB arranged outside the display region while the thirteenth embodiment has the ceU electrode bent in zigzag 
both having faded to completely eliminate the effect of the diagonal electric fiekl. In view of this, according to the thir- 
teenth embodiment the portion where the orientation is fiaUe to be disturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

At the portion A-A' shown in Rg. 75 is free of the effect of the diagonal electric fieW, the BM 34 is narrowed as 
shown in Fig. 76A. while at the portion B-B' where the diagonal electric field has a considerable effect, the width of the 
BM 34 IS inaeased as compared with the prior art so as not to display any image. In this way. the display quality is not 
deteriorated nor an afternmage or a reduced contrast is caused. The inaeased area of the BM 34 however reduces 
the luminance of display due to a reduced numerical aperture Nevertheless, no problem is posed as far as the area of 
the increase of BM 34 is not oonsidecatile. 

As descri>ed wrth reference to the tenth to thirteenth embodiments, accoiding to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the cfisplay qualitv can 
be improved. 7H"»«/vai> 

In the embodiments as set above, the orientation of liquid crystal is <fivided by the domain regulating means A 
detailed observatKMi of the orientation in the boundary portion of the domain, however, reveals the tact that ttie domain 
IS divided in the directions ISO- apart at the domain regulating means, that minute domains 90" different in direction 
exist m the boundary portion (on a protrusion, a depression or a slit) between domains and that a region toMna Uack 
^Bts ^ the boundary (the neighboihood of the edge of a protnjsion. if any) of each domain including a minute domain 
The region looking dark brings about a reduced numerical aperture and darkens the cBsplay. As described above the 
liquid cry^ display device using a TFT requires a CS electrode contributing to a reduced numerical aperture. In Mher 
cases, a Uack matnx (BM) is provided for shielding the surrounding of the display pixel electrode and the TFT. In aH of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possUe 

The use of a storage capacitor »wlh the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The drcuft of each pixel in a Gqtid aystal panel having a storaoe 
capacrtor is shown in Fig. 77A. As shown in Fig. 17. the CS electrode 35 is formed in parallel to the cell electrode 13 in 
such a manner as to configure a capacilor element between the CS electrode 35 and the cell electrode 13 through a 
dielectnc layer. The CS electrode 35 is connected to the same potential as the common elecbode 12. and Iheretaie as 
shown in Fig. 77A. a stor^ capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Ubon applica- 
tion of a voltage to the liquid crystal 1. a voltage is similariy applied to the sbxage capacitor 2. so Biat the voltage held 
in the liquxi crystal 1 is held also in the storage capadtor 2. As compared with the liquid crystal 1. the storage capacHor 
2 IS easily affected by a voltage change of the bus fine or the fike. and tiierefore effectively contributes to suppressing 
an afternmage or a flicker and aneviaUng the display faBure due to the TFT-off current The CS electrode 35 is preferaWv 
formed in the same layer as the gate (gate bus Tine), the souce (data bus Sne) or the drain (ceO) electiode of the TFT 
element in order to simpCfy the process. Since these electrodes are formed of an opaque metal for securing the 
rec^iired accuracy, the CS electrode 35 is also opaque. As described above, the CS electrode is formed in parallel to 
the cell electrode 13. and therefore the portion of the CS ele(*ode cannot be used as a display pbcel for a reduced 
nimierical aperlura 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as high as possMe As 
explained above, on the other hand, the light leakage through the slit fonned in the protrusion or the electrode tor 
improving the display quaity deteriorates the display quality. Por ePminating this inconvenience, the protrusion is pref- 
etably made of a masking material and Ihe sn is preferably masked with a BM or the like. Nevertheless these meas- 
ures contraxrte to a lower numerical aperture 

An arrangement of the protrusions 20A. 20B and the CS electrode 35 of the entxxfiments as set above is shown 
in Fig. 77B. The protmsions 20A. 20B and the CS electrode 35 are opaque to the light and the corresponding portions 
have a tower nmierical aperture. The protmsions 20A. 20B are formed partly in superposition but partly not in super- 
position on a part of the CS electrode 35. 

Rgs. 78A and 788 are cfiayams showng an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 
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35 according to an 14th embocStnnent. Fig. 78 A is a lop plan view and Fig. 788 is a sectional view. As shown, a plurality 
of CS eiectrode units 35 are arrar^ged under the protrusions 20 A. 208. For a storage capacitor of a predetermined 
capacitance to be reahzed. a predetermined area is required ot the CS electrode units 35. The combined area of the 
five units into which the CS electrode 35 is divided as shown in Figs. 78A and 788 coincides with the area of the CS 
electrode 35 shown of Figs. 77 A and 778. Further, in view of the fact that the CS electrode units and the protrusions 
20 A. 20 B are all superposed one on another in Figs. 78 A and 788, the numerical aperture is not substarttially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 798 are cfiagrams showing an arrangement of the siits 21 of the electrodes 12, 13 and the CS elec- 
trode units 35 according to a nvxfification of the 1 4th enrtedtment. Fig. 79 A is a top plan view and Fig. 798 is a sectional 
view. The slits 21 function as a domain regulating means and are preferably masked for preventing the light leakage 
therethrough. In this rtKXfiftcatkxi. the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs. 80 A and 808 are diagran^ showing an arrangen>erTt of the slits 21 of the electrodes 12. 13. and the CS elec- 
trode units 35 according to another nrKxfifcation of the 1 1th embodiment. Ftg. 80A is a top plan view and Fig. 808 is a 
sectional view. TTiis nxxfification is identical to the aforementioned rrKxfrfication of Figs. 78 A and 788 except that the 
protrusions are berrt in zigzag. 

Figs. 81 A and 81 B are da^ams showing an arrangement of the siits 21 of the electrodes 12, 13, anJ the CS elec- 
trode units 35 according to arKither nrxxfrfication of the 14th embodiment. Fig. 81 A is a top plan view and F»g. 81 8 is a 
sectiof^l view. This mocfification represents the case in which the total area of the protrusions 20A. 208 is larger than 
the total areas of the CS electrode units 35. According to this modKication. the CS electrode units are arranged at posi- 
tions corresponding to the edges of the protrusions 20A. 208 and not arranged at the central portion of the protrusion. 
As a result a minute domain having an orientation angle 90^ different existing in the neighborhood of the top of the pro- 
trusion can be effectively uSIized for a brighter cfisptay. 

The constitution in which the CS electrode is divided imo a plurafity of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

The 14th errbocfiment descrtoed above can prevent the reduction in ruimerical aperture wtwch otherwise might be 
caused by the domain regulating means used. 

Fig. 82 shows a protrusion pattem of the fifteenth errbocfiment In this fifteenth embodiment Iffiear protrusions 20A 
and 208 are disposed in paralel with one another on the tpper and lower substrates, respectively, so that when they 
are viewed from the surface of the substrates, these protrusions 20A and 208 orthogonally cross one another. The Bq- 
uid crystaffine moleaJes 14 are oriented perpencficularly to the slopes under the state where no vdtage is applied 
between the electrodes but the Gquid crystalline rmlecules in the proxknity of the slopes of the protrusions 20A and 208 
are oriented perpendicularly to the slopes. Therefore, the Squid crystanine molecdes in the proodirity of the slopes of 
the protrusions 20A and 206 are inclined under this state and moreover, the cfirections of indinatkm are different by 90 
degrees near the protru^ons 20A and 208. When tfie voltage is applied between the electrodes, the liquid crystalline 
nx}lecules are inclined in a direction which is parallel to the sut>strates. but because the liquid crystalling molecules are 
regulated in the directions cfifferem by 90 degrees near the protrusions 20A and 208. respectively, they are twisted. The 
change of the image in ttie case of twisting in this fifteenth embodiment is the same as that of the TN mode shown in 
Figs. 2A to 2C. Fig. 2C shows the state when no voltage is applied and this is different only in that when the voltage is 
applied, the state becomes the one shown in Fig. 2A. As shown in Fig. 82. further, four different twist regions are 
defffied in the range encompassed by the protrusions 20A arxi 20B in the fifteenth embodiment In consequence, view- 
ing angle performance is excelent, too. Incidentally, the directions of the twists are different among the adjacent 
regions. 

Figs. 83A to 830 explanatory views usefiJ for explatnffig why the response speed in the fifteenth embodiment is 
higher than that of the first embodiment Fig. 83A shows the state where no voltage is applied, and the liquid crystalline 
molecules are oriented perpendk^ularly to the substrates. When the voltage is applied, the Gqtid crystaHine molecules 
are indHned in such a manner as to twist in the LCD of the fifteenth ent>odiment as shown in Fig. 83a In contrast, the 
liquid crystalline molecules at other portions are oriented by using tt>e liquid crystalfine molecules keeping touch with 
the protriisions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However, the liquid crystalline 
nx>lecules near the centers of the tpper and tower protrusions nrove n-regularly when the orientation cfianges because 
they are not limited, and they are oriented in the same direction as shown in Fig. 830 after the passage of a certain 
period of time. Generally, the change speed of the twist of the LCDs is Ngh not only m the LCD of the VA system LCD 
using the protrusions, and the response speed of the fifteenth embodiment is higher than that of the first entedtment. 

Fig. 84 shows viewing angle performance of the LCD of the fifteenth embocfiment. This viewving angle perfarmance 
is extremely excellent m the same way as that of the VA LCD of the first embodiment and is naturally higher Sian that 
of the TN mode and is at least equal to that of the IPS mode. 

Fig. 85A is a diagram showir»g the response speeds with the change of the gray-scale at the.16th graduation. 32nd 
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gradation, 48m gradation. 64th gradation and Uack (first gradation) when 64 -gradation display is effected in the LCD of 
the fifteenth embodiment. For reference. Rg. 85B shows the response speed of the TN mode. Rg. 85C shows the 
response speed of the mono-domain VA nrxxJe in which the orientation is not divided and Rg. 85D shows Vhe response 
speed of the mufti -domain VA nxxie using the parallel protrusions of the first embodiment. For example, the response 
speed from the fuU Wack to the full white is 58 ms in the TN mode, 19 ms in tfie mono-domain VA mode and 19 ms in 
the nuilti-domain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full Wack is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms in the mufti-domain type, whereas it is 6 ms in the frfteertth embodiment, and this 
value is higher than those of other VA nxxies. Further, the response speed from the full to the 16th gradation is 30 ms 
in the TN mode, 50 ms in the mono-domain type and 130 ms in the muHi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment and this value remains at the same level as that of tfie TN rrxxJe and is by br more excellent thian 
the values of other VA nxxJes. The response speed from the 16th gradation to the full Uack is 21 ms in the TN mode. 
9 ms in the mono-domain typo and 18 ms in the mufti-domain type, wf>ereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode is 
extremely lower in comparison with any other modes, and the response speeds from the fUl Wack to the full white and 
vice versa are 75 ms. the response speed from the full Wack to the 16th gradation is 200 ms aid the response-speed 
from the 1 6 gradation to the full Wack is 75 ms. 

As descrtoed above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the respor^e speed 

Figs. 86A and 86B shwvs another protrusion patterns for accomplishing the twist type VA system desatoed above. 
In Fig. 86A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one anoth^, but to aoss one anotfier when they are viewed from 
the respective substrates. In this embodiment four twist regions are formed in the different way from Rg. 82. The direc- 
tion of the twist 15 the same in each twist region tx/t the rotating positions deviate from one arx)ther by 90 degrees. In 
Rg. 86B protrusions 20A and 20B are disposed in such a fashion as to extend orthogonally tn two directions to the 
respective substrates and to ctoss one another but to deviate mutually in both directions. In iNs err^odiment. two twist 
regions having mutually different twist directions are fonned. 

In Rgs. 82. 86A and 66B, the protrusions 20 A and 206 disposed on the two substrates need not be cfisposed in 
such a fashion as to orthogonally cross one another. Rg. 87 shows a mocification wherein the protrusions 20A and 20B 
shown in Rg. 82 are so dsposed as to cross one another at an angle other than 90 degrees. In this case, tooc four twvist 
regions havuig mutually different twist Erections are formed, and the quantity of the twist is different between the two 
opposed regions. 

Furthermore, the same result can be obtained when slits are disposed in place of the protrusfons 20A and 20B 
shown in Rgs. 82. 86A and 868. 

In the fifteenth enixxfiment €htfm\ in Rg. 82. there is no means for controllffig thie orientatnn at the center portion 
in the frame encompassed by the protrusions 20 A and 20 B m comparison with the portfons near the protrusions, and 
the orientation is likely to be disturbed because it is far from the protrijsions. For this reason, an elongated time is nec- 
essary before the orientation gets stabflized. and it is expected that the response speed at the center portion becomes 
lower. The response speed attains the highest at the corner portions of the frame because they are affected strongly by 
the protrusions serving as two adjacent sides. The influences of the orientation at the corner portions are transfened to 
the center portion, impinge with the influences of other twist regions and the twist regions are rendered definite and are 
stabilized. In this way. all the iquid crystals are not sinruttaneously oriented, but certain portions are first oriented and 
then this orientatfon is transmitted to the portions nearby. Therefore, the response speed beoomes sfower at tfie center 
portion far from tfie protrusions. When the frame defined by crossing is a square as sfiown in Rg. 82 for example, the 
influences are transferred from the four corners but when the frame deemed by the crossing protrusions is the parallel- 
ogram as shown in Rg. 87, tfie influences are transferred from the acute angle portions, where the influences of the 
protrusions are stronger, to the center portion. The influences in^nge at the center portion and are further transferred 
to the comers having an obtuse angle. Therefore, the response speed becomes slower h me parallelograinc frame 
than in the square frame To solve such a problem, a protrusion 20D similar to t\e frame is disposed at the center of 
each frame as shown in Fig. 88. An excellent response speed can be obtained when, for example, the protrusioftt 20A 
and 20B has a width of 5 jim and a height of 1.5 fim, the gap of the protrusions is 25 jim and the profrusion 20D is a 
square pyramki having a bottom of 5 ^m. 

Rg. 89 shows another entediment wherein the protrusfon is cfisposed at the center of each frame of the protrusion 
pattern shown in Rg. 87. The same result as that of Rg. 82 can be obtahed according to this arrangement too. 

In the consfructions shown in Rgs. 82, 86A. 86B and 87 wherein the protrusions 20A and 20B cross one another, 
the thkdviess of the KqukJ crystal layer can be limited at the portiors at whkii the profrusions 20A and 20B cross one 
another by setting the sum of the height of the protrusions 20A and 20B to a value equal to the gap of tfie sutsstrates. 
that is, the ttiickness of the liquki crystal layer. According to this arrangement the spacer neqd not be used. 
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Figs. 90A and 908 are cfiagrams showing the structure oi a panel of the 16th embodiment. Fig. 90A is a side view, 
and Fig. 908 is an oblique view of a portion of the panel corresponding to one square of a lattice. Fig. 91 is a diagram 
showing a pattern of protrusions in the 16th emtxxjiment which is seen in a direction vertical to the panel. As illustrated, 
in the 16th embodiment, the protrusions 20 A are aeated like a cubic lattice on the electrode 12 fornr^ on one sub- 
strate, and the pyramidal protrusions 208 are created at positions coincident with the center positions of the opposite 
squares oi the lattice on the electrodes on the other substrate. In a region shown in Fig. 908. the orientation is divided 
according to the principles described in conjunction wHh Fig. 128 and divided verticaJIy and laterally uniformly. In reality^ 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, the sideways spacing 
between protrusions 20A and 208 to 10 miCTometers, and the height of protrusior« to 5 micrometers. As a result, the 
viewing angle characteristic of the panel was of the same level as the one of the panel of the second emtxxjimenf 
shown in Fig. 22. 

Figs, 254A and 2548 show a modification off the sixteenth embodiment Fig. 254A shows a protrusion pattern and 
Rg. 2548 is a sectional view. In this modification, the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions of the sixteenth embocSment is reversed. In other vwords. the protrusion 20A disposed on the electrode 12 of 
the CF substrate 16 is pyramidal whereas the protrusion 208 on the side of the TFT substrate 1 7 has a two^imensional 
matrix form. The protrusion 20A is disposed at the center of each pixel 9 and the protrusion 208 is dsposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 
in four directions inside each pixel. The domain is divided by the protrusion 20A at the center of the pixel as shown in 
Rg. 2548. The protrusion 20B cfisposed outside the pixel electrode 1 3 divides the orientation at the boundary of the pix- 
els as shown in the drawing. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
means. The orientation regulating force by the protrusion 206 and the orientation regulating force of the edge of the 
pixel electrode coincide with each other. Consequently, the diviskxi of the orientation can be carried out stably. In this 
modification, the (^stances between the protrusion 20A arKj the protrusion 208 versus the edge of the pixel electrode 
1 2 are great. Therefore, it is only the protrusion 20A tfiat exists inside the pixel, and the occupying area of the protrusion 
inside the pixel is small and display tumirwtce can be improved, ttxxjgh the response speed drops to a certain extent. 
Further, the production cost can be reduced by forming the protoision 208 by the formation process of the bus line 
because the number of the production steps does not increase. 

In the aforesaid first to 16th embodiments, protrusfons produced using a resist that is an insulating material are 
used a^ a domain regulating vnears for dividing the orientation of a liquid crystal. In the embocfiments. the shape of the 
inclined surfaces of the protrusions are utilized. The insulating protrusions are very important in terms of the effect of 
interruption of electric fields. A liquid crystal is driven using, generally, m alternating wave. With an irwrease in 
response speed deriving from innovation of a liquid crystal material, influence exerted dt^-ing one frame (during which 
a drect (dc) voltage is applied), that is, influence predeterrraned by a DC wave must be taken into fUl consideration. A 
driving wave for a liquid crystal must exhbrt both the characteristics of the AC and DC voltages and satisfy the require- 
ments for the AC and DC voltages. The properties of the resist used to allow the driving wave for a Bquid crystal to exert 
a predetemined effect of minimizing electric fields must be set in relation to the characteristics of the AC and DC volt- 
ages or the AC and DC characteristics. Specifically, the resist must be set to have properties effective in mirimizing 
electric fields in relation to tf)e AC and DC characteristics. 

From the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 
of a liqiid-crystal layer. Specifically, the specific resistance must be 10^^ ohms/cm or rrxxe so that it wiD be equal to or 
larger than the specific resistance of a liquid crystal (for example, the specific resistance of a TFT-drive liquid crystal is 
about 10^2 ohms/cm or more). Preferably, the specific resistance should be 10'^ ohms/cm or more. 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant film tKck- 
ness. and sectional area) of a resist must be about ten or less times larger ttian the capacitance <rf a liquid-crystal layer 
under the resist (with an impedance of about one-tenth or more of the Impedance of the liquid-crystal layer), so that the 
resist can exert the operation of minimizing electric fields in the Itquid-crystal layer under the resist. For example, the 
dielectric constant c of the resist is approximately 3 or about one-third of the dielectric constant c of the Rquid crystal 
layer (approxinwtely 10). The film thid<ness is approximately 0.1 micrometefs or about 1/35 of the thickness of the liq- 
uid-crystal layer (for example, approximately 3.5 miaometers). In this case, the capacitance of the insulating film is 
approximately ten times larger than the capacitance of the BquidK^ystal layer under the insulating fHm. In other wortis. 
the impedance of the resist (insulating film) is approximately one-tenth of the impedance of the liquid-crystal layer under 
the resist Thus, tiie resist can affect the distribution of electric fields in the lk|uid-crystal layer. 

In addition to an effect exerted by the shape of the inclined surfaces aeated by the resist the irrfluence of the dis- 
trixrtion of electric fields can be utilized. This results in more stable and firm alignment When a voltage is applied, liquid 
crystalline molecules are tilted. At this time, the strer>gth off electric f ieWs in a donrrain in which the orientation off a liquid 
crystal is divided (on a resist] is suffidentiy low. In the doo^in, lk;uid crystalline molecules aligned nearly vertically exist 
stably and work as a barrier (partition) against domains generated on both sides of the donrain. When a higher voltage 
is applied, the liqukJ crystalline nwlecules in the orientation-divided domain (on the resist) starts tilting. However, the 



30 



CJopied trom 10/^^611/ on 0^-0:5-2004 



EP 0 8d4 626 A2 



liquid crystalline molecules in the domains generated on both sides of the domain on the resist tilt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing this state, the insulating layer (resist) of 
the orientation-divided domain must have a capacitance that is approximately ten or less times larger than the one of 
the liquid-o-ystal layer under the resist. A material exhibiting a small dielectric constant c shoukJ be adopted to realize 
the insulating layer, and the tTuckness of the layer must be large. This suggests an insulating layer having a dielectric 
constant c of approximately 3 and a thickness of 0. 1 micrometers or more. The employment oi an insulating layer having 
a snnailer dielectric constant c and a larger thickness would exert a more preferable operation arxj effect. In the first to 
16th embodiments, a novolak resist having a dielectric constant e of approximately 3 is used to form protrusions of 1.5 
micrometers thick. Ot)servatton of orientation cfivision has revealed that very stable alignment can be attained. The 
novolak resist is widely adopted in the process of manufacturing a TFT or CF. The adoption of the novolak resist Would 
brir^ ^X3ut a great merit (of obviating the necessity of additional tacilities). 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 
material and has no problem. 

Moreover, when the insulating film is placed on both substrates, a nmre preferable operation and effect can be 
exerted. 

Aside from the novolak resist, an acrylic resist (c = 3.2) was checked to see if it wouW prove effective as an insulat- 
ing film. The same results as those obtained by checking the novolak resist were obtained. For demonstratir^g that the 
influence of electric fields is very important an ITO film was deposited on a resist and the aligned state of liquid crys- 
talline molecules was obsen/ed. The results were not so good as those obtained when the insulating film was used. 

In the first to 16th errixxfiments. an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to divide the orientatkxi of a liquid aystal. Other forms can be adopted. Some of the forms wiD be presented 
below. 

Figs. 92A arxi 928 are diagrams showing the structure of a panel of the 1 7th en*odiment. Fig. 92A is an oblique 
view and Fig. 92B is a side view. As illustrated, in ttw 17th embodiment protrusions 50 extending parallel to one another 
unklirectionally are formed on glass substrates 16 and 1 7. and electrodes 12 and 13 are formed on the substrates. The 
protrusions 50 are arranged to be nxjtually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partly jut out The surfaces of the electrodes are processed for vertical alignment Using the thus shaped electrodes, 
when a voltage is applied to the electrodes, electric fields are induced in a vertical direction. The orientation of a liqukl 
crystal is divided imo two directions with each protrusion as a border. The viewing angle characteristic of the panel is 
therefore improved as cortpared with a conventionally exhbhed one. However, the distrftxition of electric fiebs 
becomes different from the one attained when the protrusfons are made of an insulating material. Only the effect of the 
shape of the inclined surfaces of the protrusions is utilized in order to dvide the orientatfon. The stabifity of alignmertt 
is slightiy inferior to that attained when the protrusions are made of an insulating nraterial. However, as described 
above, the protaisions provkied on the electrodes need to be made of insulating material with fow dielectric constant. 
Therefore, the materials used to form the protrusions are limited. Further, varkxjs conditions must be satisfied to form 
the protrusions by usir>g those materials. This causes a problem in the production process. Contnarily, the panel struc- 
ture of the 1 7th embodiment does not have such imitation. 

Rg. 93 is a diagram showing the structure of a panel of the 1 BIh embodiment. In this emtxxliment insulating layers 
61 formed on the FTO electrodes 12 and 13 are provkied with depressions 23. As the shape of the depressions, the 
shapes of protrusions or sfits electrodes presented in the second to ninth embodiments can be adopted. In this case, 
an effect exerted by oblique electric f ieWs works like the effect exerted by the protrusions to statjiltze alignnnent. 

Rg. 94 shows a pan^ structi^e of the nineteenth embodiment. In this emlxxiiment electrodes 12 and 13 are 
formed on glass substrates 16 and 17, respectively, layers 62 each made of an electrically conductive material and hav- 
ing a depression (groove) 23A, 23B having a width of 10 jim and a depth of 1 .5 jim are farmed on these electrodes 12 
and 13. and vertk:al alignment films 22 are formed on these layers 62. tnckjentally. the thk:kness of a liqiid crystal layer 
is 3.5 pm. and a color filter layer 39. a bus line, a TFT, etc. are omitted from the drawing. It can t»e observed that the 
orientatfon of the Ik^uid crystal is divided at the recess portions. In other words, it has been confirmed that the depres* 
sion, too. furK:tions as the domain regidating means. 

In the panel structure of the nineteenth embodiment, tine depressfons 23A and 23B are disposed at the same pre- 
determined pitch of 40 pni in the same way as in the case of the protaisions, and the upper and fower depressions 23A 
and 23 B are so disposed as to deviate by a half pitch. Therefore, the regions in which the Bquid aystal assumes the 
same orientation are defined t^tween the adjacent upper and lower depressfons. 

Rg. 95 shows the panel structure of the 20th embodiment. In this 20th embodiment layers 62 having grooves 23A 
and 238 having a width of 10 pm and a depth of 1.5 pm are formed on tiie glass substrates 16 and 1 7 by using a color 
filter (CF) resin, respectively, electrodes 12 and 13 are fonmed on these layers 62. and vertical alignment films are fur- 
ther formed on the electrodes 12 and 13. respectively. In otfier words, a part of each electrode 12. 13 is recessed The 
protrusions 23 A arKi 238 are disposed at the same predetermined pitch of 40 ^ whereas the upper and lower depres- 
sions 23 A and 238 are so disposed as to deviate from one another by a half pitch. In this case. too. the same result as 



31 



Lopied trom 10/^^611/ on 0^-0:5-2004 



EP0 884 626 A2 



that of the nineteenth embodiment can be obtained. Incidentally, since the structure having the depression is disposed 
t>elow the electrode in this 20th embodiment, limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is dvided in such a fashion that the liquid crystalline mol- 
ecules expand in the opposite direction at these portions but in the case of the recesss. the orientation is divided in such 
a fashion that the liquid crystaiiine nx>lecules face one another at the depression portoa In other words, the function 
of dividing the orientation by the recess has the opposite relation to thai of the protrusion and the slit. Therefore, when 
the depression is used as the domain regulating means in combination with the protrusion or the slit, the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 
mined next on the arrangement when the recess is used as the domain regulating means. 

Ftg. 96 shows an example of the preferred arrangements when the depression and the sW are used in combination. 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 238 of the 
20th embodiment shown in Pig. 95. Since the direction ct the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For exanple. when the depression 
is fomied under the condition of the 20th entxjdtment. the slit has a width of 1 5 urn and the gap between the center of 
the depression and that of the siit is 20 jrni. the switching time is 25 ms under the driving condition of 0 to 5 V and 40 
ms under the driving contfition of 0 to 3 V In contrast, when only the slit is used, the switching time is 50 ms and 80 ms. 
respectively. 

Fig. 97 shows the structure wherein the depression 20A and the sTrt 21 A on one of the substrates (suljstrate 16 in 
this case) in the panel stnjcture shown m Fig. 98. and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slit 21 8. 

Incidentally, the same characteristics can be obtained by disposing the protojsion at the same position in place of 
the slit in the panel structures shown in Ftgs. 96 and 97. and the response speed can be further inproved. 

Fig. 98 shows another panel structure wherein the depression 238 is formed in the electrode 13 of the substrate 
17 and the protrusions 20 A and the slits 21 A are aHemately fonned a! positions of the opposed substrate 16 at positions 
facing the depression 238, respectively. In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 238 and protrusion 20A and the set of the adjacent depression 238 and sBt 21 A and con- 
sequently, the boundary of the orientation regions is fooned in the proximity of the center of the depression. 

Figs. 99A and 998 are cfiagrams showing the structure of a panel of the 21th enr*)odiment As illustrated, the panel 
of the 2 1 th embodiment is a sknple nratrix LCD. The surface of each electrode is dented. The orientation of a liquid crys- 
tal is divided with each depression as a border. However. Bee the tenth embodiment an effect of oW'que electric fields 
is not exerted. The stabiffty of alignment is fittfe poor. 

As descrtoed above, the afignment divicfing operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now. the influ- 
ence of assembly errors in the panel of the first embotfenent will be de6crft>ed. 

Figs. 100 A and 1008 are sectional views of a panel tn the first embodiment As desatoed already, a region where 
the orientation is regulated is defined by the protrusion 20A formed on the common electrode 1 2 and the protrusion 208 ^ 
fomied on the cell electrode 13. )n Fig. 100A. the region defined by the right inclined side surface of the protaision 208 
and the left inclined side surtace of the prolrusion 20A is designated as a region A. and the region d^tned by the left 
inclined side surface of the protrusion 208 and the right inclined side surface of the protrusion 20A ts designated as a 
region B. 

Assume that the CF substrate 1 6 is displaced leftward of the TFT substrate 1 7 due to an assentty en-or. as shown 
in (2) Fig. 100B. The region A is reduced, whfle the region 6 increases. Therefore, the ratio between region A knd region 
8 is not already 1 to 1. The resulting proportion of fiquid crystafline molecules divided in orientation is not equal, thereby 
deteriorating the viewing angle characteristic. 

Figs. 101A and 101 8 are sectional views of a panel according to a 22th embodirnent In the 22th entxxiiment as 
shown in Fig. 101 A, a depression 228 and a protaeion 20B are formed in the TFT substrate 1 7. followed by forming a 
depression 20A and a protrusion 22A on the CF substrate 16. This process is repeated. As shown in Rg. 1 01 B, assum- 
ing that the CF substrate is displaced with respect to the TFT substrate 1 7 at the time of assen*)ly. the region A' defined 
by the protrusions 20B and 20A is reduced. Since the region A" defined by the depressions 228 and 22A is inaeased 
by the same anrwunt as the region A' is reduced, however, the region A remains mchanged. The region B. which is 
d^ined by the protrusion 208. the depression 228. the protaision 20A and the depression 22A. remains unchanged 
since the interval between them remains unchanged. Consequently, the ratio between the regions A and B remains the 
same, and the superior viewing angle characteristic is maintained. 

Fig. 102 is a sectional view of a panel according to a 23th embodiment. In the 23th erTt>odiment as shown, the CF 
substrate 16 is fomied with the protrusions 22A and the depressions 20A aHernalely with each other. This process is 
repeated. The region A is ddined by the left inclined side surface of the protrusion 20A and the right inclined side sur- 
face of the depression 22A. while the region B is defined by the right inclined side surface of the ptotrusion 20A and the 
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left inclined side surlace of the depression 22A In view of the fact that the orientation region is defined onty by the pro- 
trusions arxJ depressions formed on one of the sut»strates. the assemtrfy accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases where the viewing angle need not be great, and a great 
viewing angle needs be obtained in only a specific direction. The LCD suitable for such an appfication can be accom- 
plished by using the orientation dividing technology by the domain regulating means described above. Next several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications will 
be explained. 

Figs. 103A and 103B show the panel structure of the 24th embodimenL Fig. 103A is a lop view and Rg. 103.B is a 
sectional view taken along a fine Y - r of Fig. 103B. Unear protrusions 20A and 208 are disposed in the same pitch on 
substrates 16 and 1 7. respectively, as shown in the drawing, and these protrusions 20A and 20B are so situated as to 
deviate a little from the respective opposing positions. In other words, the region B is extremely narrowed in the struc- 
ture shown in Fig. 102 so that the regions are occupied almost fully by the region A. 

The panel of the twenty-fexjrth enrtxxlinient is used for a protrusion type LCD, for exanpla The viewing angle per- 
formance of the protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 
are required for the protrusion type LCD. Since the orientation direction of the panel of the 24th en*odiment is substan- 
tially in one direction (mono-domain), the viewing angle perfonmance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are cfisposed. the response 
speed is improved markecfly in comparison with the conventional system, in the same way as the LCDs of the foregoing 
embodiments. As to contrast, the contrast of this panel is substantially equal to other VA system and is therefore si^ie- 
rior to that of the conventiorral TN mode and IPS mode* As has been oqjiained already with reference to Rg. 27. the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20A and 20B. To irrprove 
contrast therefore, ttie portions of these protrusions 20A and 20B are preferably shaded. As to lumtnance. on the other 
hand, the aperture ratio of the pixel electrode 13 is preferably increased. Therefore, the protrusions 20A and 20B are 
disposed at the edge of the pixel electrode 13 as shown in Rgs. 103A and 1038. This arrangement can inaease lumi- 
nance without towering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 208 is preferably deaeased but 
to attain tftis object, the protrusions 20A and 208 must be disposed around the pixel electrode 13. When the protrusions 
20A and 208 are disposed around the pixel electrode 13. these portions must be shaded, so that the tperture ratio 
drops as much. As described above, the response speed, the contrast and luminance have the tradeoff relationshp, 
and they must be set appropriately depending on ttie object of use, and so forth. 

Fig. 104 shows a structure for achieving an LCD panel having excellent vtewrig angle peribrmance in three direc- 
tions by utilizing the technotogy of forming the monoKtomain according to the 24th efrtx)dimenL In this structiffe. the 
protrusk>ns20Aand20Barecfisposedtnsuchafashk)nastod€finetworegk)nsctf1h^ in the same 

proportion and one region of the kx>gitudinal orientation inside one pixel. The two regions of the transverse orientation 
in the same proportion are formed by so disposing the protrusions 20A and 20B as to deviate frxHn one another by a 
half pitch as shown in Rgs. 1 OCA and 1008. while one region of the tongitudinal orientation is formed by disposing the 
protrusions 20A and 208 adjacent to one ainother as shown in Rgs. 103A and 1038. This structure can acconpfish a 
panel which has excellent viewing angle performance on the right and left sides and on the tower side but has lower 
viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is instaPed at a high positton so that a large 
number of people look it up from below, such as a display device disposed above a door of a train. 

As shown in Rg. 85C. the LCD of the VA system which does not execute the orientatfon divisfon and the LCD of 
the VA system wNch execute the orientation dvision by the protnjsions or the like, the response speed from black to 
white and vrce versa is superor to that of the TN mode, txjt the response speed between the intermediate gray-scale 
is not practically sufficient The twenty-fifth ennbodiment solves this problem. 

Rgs. 105A and 1058 show the panel structure in the 25th embodiment Rg. 105A shows the shape of the protru- 
sion when viewed from the panel surface and Fig. 1058 is a sectional view. As shown in these drawings, the position of 
the protrusion 208 is charged inside one pixel so as to define a portion having a different gap with the protrusion 20A. 
In consequence, the proportfon of the domain oriented in two directtons can be made equal and the viewing angle per- 
formance is symmetric. When the structure shown in the drawings is enptoyed. the response speed between the inter- 
mediate gray-scale can be apparently inrproved. This principle wifl be explained with reference to Rgs. 106 to 1098. 

Rg. 106 shows the structure of the panel manufactured for measuring the changes of the response speed and ttie 
transmittance depending on the gap of the protrusions. The protrusions 20 A and 208 have a height ofLS jim and a 
width of 1 0 ^lm. and the thki<ness of the liquid crystal layer is 3.5 pm. The response speed and the transmittance of the 
region of the gap d1 and the regkxi of the gap d2 are measured by setting one of the gaps d1 of the protrustons to 10 
Jim. changing the other gap d2 and changing also the voltage to be applied across the electrtxtes between OV and 3 V 
corresponding to the intermediate gray-scale. 
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Fig. 107 is a graph showing the result of the response speed measured in the way desaibed above. This graph 
corresponds to the one obtained by extracting the object portion shown in Rgs. 20 A and 20 B. As can be seen dearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108 A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
parameter. Rg. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 1 08A and 1 088 that the response speed of the intenmediiate gradation 
can be drastically improved by decreasing the gap d2 of the protrusions. However, the maximum transrrittance drops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A is a graph showing the rwrmalized time change of the transmittance at each gap d2, and Rg. 1098 
explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maxinxjm transmittance is an ON response time, the ON response time when d2 is 10 is Ton 1. the ON 
response time when d2 is 20 ts Ton 2 and the ON response time when d2 is 30 miti is Ton 3. they have a relationship 
of Ton 1 < Ton 2 < Ton 3. 

The reason why such a <fiffef ence occurs is because only the liquid crystals in the proximity of the protrusion are 
oriented perpendicutariy to the siope of the protriision and the BqUd crystals away from the protrusion are oriented per- 
perxlicularly to the electrode when the vohage is not applied, as shown in Rg. 109B. When the voltage is applied, the 
liquid crystal is inclined, and the Iquid crystal can take the till angle of up to 360 degrees with respect to the axis per- 
pendicular to the electrode The liquid crystal in the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid aystal between the protrusions is oriented in such a fashion as to extend atong the former liqukJ 
crystal as the trigger. In this way is formed the domain in which the liquid aystab are oriented in the same direction. 
Consequently, the closer to the fiqutd crystal to the protrusion, the more quicWy it is oriented. 

As desabed above, the response time between Wack and white is uMa&tHy short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scale that becomes the problem. In the case of the structure 
shown in Rgs. 105A and 105B. the transmittance in the regions having a narrow gap d2" changes within a short time 
whereas the transmittance in the regions having a broad gap <S2' changes gradually. The regions of the gap d2" are nar- 
rower than the regions of the gap <S2' and have a smaller corrtrtoution to the transmittance, Ixjt because the human eyes 
have logarithmic characteristics, the hunran eyes catch the change as a relatively large change vwhen the transmittance 
in the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a smal gap d2" 
changes within a short t^ne. this change is caught as the drastic change as a whole. 

As described above, the panel according to the 25th entwdiment can apparently frrprove the response speed 
between the intermecfiate gray-scale without lowering the transmittance. 

Fig. 1 1 0 shows the panel structure of the 26th embodiment As shown in the drawing, the protrusions 20A and 208 
are disposed in an equal pitch on the substrates 1 6 and 1 7 and the electrodes 1 2 and 1 3 are formed on the protrusions, 
respectively. bi this 26th embodonent However, the electrodes are not formed on one of the slopes of the protrusions 
20A and 208, and a vertical algnment f am is fi^ther fonned. The protrusions 20A and 20B are ananged in such a fash- 
ion that the slopes on which the electrode is formed and the slopes on which the electrode is not fonned are adjacent 
to one arxjther. In the region between the slopes on which the electrodes are not fomied. the liquid crystals are oriented 
perpendiciilarty to the slopes, and ttie orientation direction is decided consequently. The electric field in the fiquid crystal 
layer is represented by broken fines in the drawing. Since the liquid crystals are oriented along this electric field, the ori- 
entation direction due to the electric field in the proximity of the slopes, on which the electrodes are not formed, coin- 
cides with the orientation direction due to the slopes. 

In the region between the slopes on wtiich the electrode is formed, on the other hand, the liqukl crystal in the prox- 
imity of the slopes is oriented perpendioiarty to the slopes, but the orientation direction of the electric field in this region 
is different from the orientation cfirection due to the slopes. Therefore, the liquid crystal in this region is oriented along 
the electric field with the exception of the portions near the slopes when the voltage is appGed. Consequently, the ori- 
entation directions in the two regions become equal to each other, and the mono^tomain orientation can be obtained 

Fig. Ill shows the viewing angle performance with respect to contrast when a phase dWerence flm having nega- 
tive dielectric constant antsotropy and having the same retardation as that of the liquid crystal panel is superposed with 
the panel of the 26th embod ment A high contrast can be obtained over a broad range of viewing angles. Incidentally, 
when this panel is assembled into the protrusion type projector, the contrast ratio is at least 300. foddentally, the con- 
trast ratio obtained when the ordinary TN mode LCD is assenWed into the protrusion type projector is about 100. and 
it can t>e appreciated that ttw contrast ratio can t>e drasticaDy improved. 

In the case wtiere a liquid crystal display device having a configuration with a protrusion pattern is (frrven as in the 
first embodiment, the display quafity is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus 
line) in the pixel. This is due to the undesirable minute region (domain) formed in the neighbortiood of the bus fine and 
the resulting disturbance of Squid crystal orientation and reduced response rata The problem thus is posed of a 
reduced viewing angle characteristic and a reduced color characteristic in half tone. This protdem is solved in a 27th 
embodiment. 
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Fig. 112 is a diagram shewing an exannple pattern tof repeating the linear protrusions according to the embodi- 
ments as set above. The protrusion pattern desaiaed above has a pluralrty oi protrusions of a predeternrvned width and 
a predetermined height repeated at predetermined pitches. In Fig. 112. therefae, the width 1 and the interval m 
assume of the protrusion assume the predetermined values of 1 1 arxl ml . respectively. In the shown example, the width 
of the protrusion formed on ere substrate is different from that of the protrusion formed on the other substrate. The pro- 
trusions formed on a substrate, however, have a predetermined width 1 . This is also the case with the protrusion height 
h. 

Rg. 1 13 is a diagram showing the wavelength cfspersion characteristic of the optical anisotropy of the liquid crystal 
used. As shown, it is seen that the shorter the wavelength, the larger the retardation An. Thus, the retardation An 
increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, and different colors have different retardation 
An wNIe passing through the Bquid-crystal layer. TNs difference ts desirably as small as possible. 

Fig. 1 14 is a dagram showing a protrusion pattern accorcfing to a 27th embodiment of the invention. In the 27th 
embodiment, the blue (B) pixel 13B. the green (G) pixel 13G and the red (R) pixel 13R each have the same protrusion 
width I but drfferent protnjsion intervals m. Specifically, the B pixel 138 has ml . the G pixel 13G m2 and the R pixel 1 3R 
m3 in such a relation thiat ml > m2 > rh3. 

The smaller the protrusion interval m, the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus nwking it nwe possible to alleviate the problem of the electric field vector at the time of drive. Fig. 1 15 
is a diagram showing the relation between the applied voltage and the transmittance as measured whfle changing the 
protrusion interval. It is seen that the larger the interval m, the larger the numerical aperture, and hence the trar^smit- 
tance is improved. The wavelength dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in 
Rg. 11 3. By changing the protnjsk)n interval m for each color pixel as shown in Rg. 114. the difference of the retarda- 
tion for a particular color can be reduced An wHIe passing through the liquid crystal layer for an improved color charac- 
teristic. 

Rg. 1 1 6 is a cfiagram showing a protrusion pattern according to a 28th embodiment of the invention. In the seventh 
embodinoent, the blue (B) pixel 1 3B. the green (G) pixel 1 3G and the red (R) pixel 1 3 R have the same protrusion interval 
m but different protrusion widths I. The effect is the same as that of the 27th embodiment. 

Rg. 1 1 7 is a diagram shcwwng a protaision pattern according to an 29th embodiment of the invention. In the 29th 
embodiment, the protrusion interval m in each pixel is set to a small value ml in the upper and lower regions near to 
the gate bus line and a large value m2 at the central region. In the neighborhood of a bus line such as the gate bus Hne 
or the data bus fine, a don^n may occur at the time of driving and the liquid crystalline moleoies fall into a state not 
suitable for display due to the electrical field voctor, thereby deteriorating the display quality. According to the eighth 
embodiment, the protrusion interval is narrowed in the region near to the gate bus line thereby to make it difficult for the 
gate bus line to be affected by tie electrical vector. As a result the generation of an undesirable domain is Si|3pressed 
for an improved display quality. However, a narrower protrusion interval reduces the numerical aperture accordingly and 
darkens the display. From the viewpoint of numericsd aperture, ttierefbre. a larger protrusion interval is recommended. 
The protrusion pattern accordwig to the eighth embocfiment can minimize the reduction in numerical aperture and 
reduce the effect of the electrical field vector generated by the gate bus line. 

Rg. 118 is a cftagram showing the pixel structure in the case where the protrusion pattern according to the 29th 
embodiment shown in Rg. 1 1 7 is actually realized. 

Rg. 1 1 9 is a diagram showing a protrusion anangenwnt according to a 30th emlxxliment As shown in Rg. 1 1 9. in 
the 30th embodiment, Ihe protnision height is changed gradually. 

Rg. 120 is a dagram showng the change that the relation between the applied voltage and the transmittance 
undergoes when the protrusion height is changed. Rg. 121 the change ttiat the relation between the applied voltage 
and the contrast mdergoes when the protrusion heigh! is changed. Rg. 122 the change of the transmittance in white 
level witii respect to the protrusion height and Rg. 123 the change of the transmittance in black level with respect to 
the protrusion height. These cfiagrams show the result of measurkig the transmittance and the contrast in test equgj- 
merrt with the width and interval of the resist for forming the protrusion set to 7.5 \im anA 15 pin. respectively, the cell 
thickness to about 3.5 pm. and the resist height to 1.537 nm. 1.600 nm, Z3099 nm and 2.486 nm. 

This measurement shows that the transmitlance of white level (with 5 V applied) increases with the resist height. 
This is considered c^e to the fact that the protrusion playing an auxiliary role in tilting the Bquid aystal is so large that 
the liquid crystal is positively fallen. The transmittance (leakage fight) in black level (without any applied voltage) also 
increases with the protrusion height This is not desirable as it works to deteriorate the black level. The contrast (ratio 
between white luminance and black Iwninance) decreases with the protrusion height It is therefore desirable to use a 
masking material for the prc^rusion and not to increase the protrusion heigtit excessively. 

Any way. the orientation of the aystal fiquid can be changed by changing the protrusion height, and therefore a 
superior display is made possiale by changing the protrusion height for each color pixel and thus adjusting the color 
characteristic, or by setting the protrusion height appropriately in accordance with the distance from ttie bus fine. For 
the R pixel, for example, the protrusion height is inaeased. and deaeased for the G pixel an(J the B pixel in that order. 
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Of in each pixel, the protrusion height is increased in the neighborhood of the bus line and lowered at the central portion. 

The inventor has confirmed that the screen display can be accompfehed without any problem even when the pro- 
trusion height is inaeased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
level as the ceil thickness as sh<wn in Rg. 124 A. or protrusk>ns are formed at the opposed positions on the two sub- 
strates as shown in Rg. 124B so that the sum of the heights of the two protruswns is the same as the cell thickness. In 
this way. the protrusion can play the role of a panel spacer. 

Figs. 125 A and 125B are diagrams showing a protrusion pattern according to a 31th embodiment In this emtxxii- 
menl. as shown in Fig. 125A. the inclination of the side surfaces of the protrusion is defined by the angle 6 that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth embodimerrt. 
assume that the taper angle 9 of the protrusion 20 can take several values as shown in Fig. 125B. Generally, the larger 
the taper angle e, the more satisfactory the orientation into which the fiquid aystaHine molecules tall. By changing the 
taper angle 0. therefore, the orientation of the liquid crystal can be changed. Thus, a stperior display can be made pos- 
sible by changing the taper angle tor each cotor pixel to adjust the color characteristic or by setting a proper taper angle 
e in accordance with the distance from the bus line. For example, the taper angle 9 is set large tor the R pixel, and 
decreased for the G pixel and the 8 pixel in that order. Also, the taper angle 9 is increased in the neighborhood of the 
bus line and deaeased at the central portion in a pixel. 

As described above with reference to the sixth to tenth embodiments, the orientation regiiation lorce of the protru- 
sion is changed by changing the protrusion interval, protrusion width, protaision height or taper angle. It is therefore 
possible that these corxfitions are differentiated within a pixel or with different color pixels to partially differentiate the 
orientatton regulation torce of protrusions and thus to assure the viewing ar>gle characteristc or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardatton of the fiquid aystal depends on the wavelength as shown in Fig. 1 1 3. Therefore, an ennbodiment of the 
liquid crystal panel which improves luminance of white display on the basis of this featt^e and acconptishes a high 
response speed for all the color pixels will be explained. 

First wavelength dependence of the VA system win be explained briefly. Rg. 126 shows the change of a twist angle 
of a liquid crystal layer due to the appfication of a voltage when a vertical orientation (VA) system fiquid crystal <fisplay 
panel using a liquid crystal having negative dielectric anisotropy (n type liquid crystal) is provkJed with the twist angle. 
When no voltage is aji^ied. the fiquid crystal is oriented in a direction of 90 degrees on the surface of one of the siA- 
strates and in a drection of 0 degree on the surface of the other substrate, so that the twist of 90 degrees is attained. 
When the voltage is applied under this state, only the tiqukl crystaDine molecules k\ the proximity of the surface of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of tfie substrate surface, but twisting 
hardly occurs in other layers. Therefore, the mode does not substantially change to the rotatory polarization mode (TN 
mode) but to the birefringence mode. Rg. 127 shows the change of relative luminance (transmittance) to the change of 
the retardation And (d; jim) in bolh the TN mode and the bffefrigence mode. As shown in the graph, the birefringence 
mode exhibits sharper transmittance characteristics to And of the liquid crystal than the TN moda As descrtoed ^t>ovQ. 
the vertkal orientatton fiqiid crystal using the n type fiqiKl crystal executes bteck display wtien no voltage is applied and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nkx)l. 

Fig. 128 shows the change o< the transmittance to the change of And at each wavelength (R: 670 nm. G: 550 nm. 
B: 450 nm). It can be appreciated from this graph thai when the thkAness of the Bquid crystal layer is set to And at vtrfwh 
luminance in white dispfay attains the maximum, that is, to And at which the transnriittance attains the maxmium at the 
wavelength of 550 nm. the transmittance at 450 nm becomes excessively tow. Ther^e. the thkd<ness of the Ik^uid 
crystal layer is set to a value smaller than the thickness determined from maximum luminance so as to restrict coloring 
in white cfisplay. Therefore, luminance in white cfisplay is lower than thai of the TN mode, and in order to obtain white 
luminance equivalent to that of the Gquki crystal display panel of the TN mode, back-fight luminance must be increased. 
To increase this back-light luminance, however, power consumption of ilbmination must be inaeased. and the range of 
appik:ation of the panel is limited. When the thickness of the fiqukJ crystal layer is inaeased by laying stress on wWe 
luminance, the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel is 
cofored yellow in white display. 

To enlarge the viewing angle range, on the other hand, it has been customary to srid a phase difference film, but 
when the thickness of the Bqiid crystal layer becomes great, the color change in the directton of the critical angle (trans- 
verse directton) becomes so great that even if the retardatton value of the phase difference film is the same, the color 
difference becomes greater. 

In the 32th embodiment, the tNckness of the liquid aystal fayer of each cotor pixel is individually set so that the 
transmitlance becomes maximal when the driving voltage is applied Howeyer, when the thickness of the liquid crystal 
layer is differ ent a difference occurs in the response speed and the cotor tone cannot be displayed corectly when the 
operatton display is earned out Therefore, when the thickness of the liquid aystal fayer is set to a different value for 
each color pxel. means for making uniform the response speed of the Ik^ukl aystal becomes necessary 

Fig, 129 shows the change of the liquid crystal response speed to the gap of the protrustons pf the slits when And 
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of the liquid crystal layer is set so that the maximum transmittance can be obtained at the three kinds of wavelengths 
described above. The liquid aystal response speed becomes lower as the thickness of the liquid aystal layer becomes 
greater. In the VA system LCD panel which controls the orientation by using the protrusion, the liquid crystal response 
speed changes with the dielectric constant of the protrusion, the shape of the protrusion, the protrusion gap. and so 
forth. However, when the <S electric cortstarrt. the shape of the protrusion and its height are constant the response 
speed becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the liquid crystal 
response speed of 25 nr»s, for example, in Rg. 129, the gap of the protrusions or the slits must be set to 20 jim for the 
R pixel. 25 jim for the G pixel and 30 jim for the B pixel. 

Fig. 1 30 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 
trusions or the slits is set to 20 fim tor the R pixel, 25 jim for the G pixel and 30 jim far the B pixel from Fig. 129 the 
transmittance is 80%, 83.3% and 85.7%. respectively, and the differences occur in the transmittance. 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each color pixel 
so that the transmittarx:e attains the maximum when the drivir^g voftage is applied, the response speed in each color 
pixel (S rendered coincident t)y regulating the gap of the protrusions, and the area of each color pixel is changed so that 
the transmittance becomes coiricident 

Rg. 131 shows the pane! structure of the 32nd embodiment As shown in this drawing, a structure 71 not having 
the R pixel portion but having the G pixel portion having a thickness of 0.55 ^m and the B pixel portion having a thick- 
ness of 1 ,05 Jim is provided to both substrates 1 6 and 1 7. The optinuim condition is calculated for this thickness by sim- 
ulation for the VA system birefringence mode using the n type fiquid crystal. Further, the height of the protrusion 20A is 
set to 2.45 pm tor the R pixel. 1 .9 pm for the G pixel and 1 .4 jim for the B pixel. Further, the gap of the protrusiorK is set 
to 20 pm for the R pixel, 25 |im for the G pixel and 30 pm for the B pixel The area ratio of the B pixel: G pixet:R pixel is 
set to 1 :1 .03:1 .07. In other words, the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixel. 

The structure 71 uses an acrylic resin, and after a resist ts appfied to a thickness of 1.4 ^m for the B pixel, a pro- 
trusion having a width of 5 is formed by photolithography. After a vertical alignment fim is applied, a 3.6 ym spacer 
is sprayed to form a seal, and after borxfing and curing of the seal, the liquid crystal is charged. In this way. the thidcness 
of the liquid crystal layer is 5.7 jim for the R pixel, 4.6 ^m for the G pixel and 3.6 jim for the B pixel. 

Fig. 132 shows the panel stnxture of a modification of the 32th ennbodiment. wherein a protrusion is formed on the 
CF substrate 16 and a sft 21 is formed on the pixel electrode 13 of the TFT substrate 17. In this modification, an acryCc 
resin structure 71 not having the R pixel portion but having the G pixel portion having a thickness of 1.1 pm and ttie B 
pixel portion having a thickness of 2.1 jim is provided to the CF substrate 16. After a resist is applied to a thickness of 
1.4 pm for the B pixel, a protrusion having a width of 5 pm is formed by photolithography. As a result the height of the 
protrusion is 3.5 ^im far the R pixel. 2.5 jim for the G pixel and 1 .4 jim for the B pixel. The g^ between the protrusion 
20A and the sirt is set to 20 fim for the R pixel. 25 pni for the G pixel and 30 }im for the B pixel. The area ratio of the B 
pixehG p(xel:R pixel is set to 1 :1 .03:1 .07. 

A biaxial phase difference film (iretardation value: 320 nm) in match with nd of the fiqiid crystal layer of the Q pixel 
is added to the panels of the 32th embodiment and to its modification produced in the manner desabed above, and 
the color difference is n^easured for each of the panel transnvttance, the viewing angle and the critical angle direction 
(0 to 80 degrees). The results are shown in Rg. 249. By the way. the measurement results obtained by chariging the 
thickness of the liquid crystal layer in the prior art example are also shown in Fig. 249 as the reference values. 

As can t>€ appreciated from Rg. 249 the transmittance Ounwiance) in front can be increased by increasing the 
thickness of the fiquid crystal layer to improve the trar^smrttance as represented l>y ttie prior art example 1 . but because 
the length of the optical path gets elongated in the (firection of the critical angle, the transmittance of the square wave- 
length fluctuates g^eatiy arxJ the color differerv:e becomes great. In contrast, in the panels of the 32th embodiment and 
its modification, the gap of the protnsions or the slits is narrowed for the R and G pixels so as to make uniform the 
response speed of the Bquid aystal, and the transmittance becomes lower than that of the prior art exarrple 2 as the 
aperture ratio is tower. Nonetheless, because the thickness of each liquid crystal layer is set so that the transmittance 
attains the maximum wtien the driving current is applied (white display), the cokx cfifference in the direction of the crit- 
ical angle becomes small. 

The panels according to the 32th embodiment and its modification can brighten white luminance to the level equal 
to the TN mode without causing coloration of the panels hi the broad range of the viewing angles. Because tiie liquid 
crystal response speed is made uniform so as to correspond to the thickness of each liquid crystal layer, display can be 
obtained with Wgh color reproductoility even when dynamic image display is made. 

Next processes for formir^g protrusions will be desCTibed. 

When protrusions are fonmed on electrodes 12. 13 of a CF substrate 16 and a TFT sut»strate 1 7. the electrodes of 
ITO fdm are formed, then, a resist is coated on the surfaces and is patterned witti a photo&thography This process is 
easily carried out by using corrventional techniques. 

However, this process needs a step of creating the pattern of protrusions. If protrusions can be formed on the TFT 
substrate by utilizing the conventional process as it is. an increase in number of steps can be avoided. For forming insu- 
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fating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the patte-n of protrusions intact. For creating corxluctrng protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. The thirteenth 33th pro- 
vides a stnjcture in which an insulating layer used in the converTtior^l process is utilized for aeating insulating protru- 
sions. In this structure, the ITO electrodes 13 are termed first. An insulating layer is fonmed on the ITO electrodes and 
portions of the insulating layer coincident with the TO electrodes 13 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are rerrxjved. At this time, if the protrusions are 
required to have a certain thickr>ess. portions of the insulating layer coincidenl with the protrusions 68 are left intact. 
Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing, refer- 
ence numeral 41 denotes a drain (data bus line). 65 denotes a channel protective film. 66 denotes a wiring layer used 
to separate devices, and 67 dertotes an operating layer tor transistors. The TO electrodes 13 and sources are linked 
by holes 

Figs. 134 A and 134B are cSagrams showing exanples of a pattern of protrusions manufactured according to the 
process descrbed in conjunction with the 33th embodiment. Fig. 134A shows finear and parallel protnjsions used to 
divide an orientation-divided domain into two regions, and Rg. 134B shows zigzag protrusior^ used to divide an orien- 
tation-divided domain into four regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 
a pixel. 

Fig. 135 is a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment provides a 
structure in which a conductive layer used in the conventional process is utifized for forming conducting protrusions. In 
this structure, first a TFT Cght-interceptive metallic layer 70 for intercepting fight from TFTs is formed, an insulating layer 
is formed on the metallic layer 70, and TO electrodes are formed thereon. An insUating layer is formed further thereon, 
data bus lines and TFTs are then formed, and an insulating layer is formed further thereon. A layer of gate electrodes 
31 is then formed. The insulating layer is removed except portions thereof coincident with the gate electrodes. At this 
time, portions of the insulating layer coincident with the protrusfons 20B are left intact 

Rgs. 136A and 1 36B show examples of a pattern of protrusions manufactured as descra>ed in cor^unction with the 
34lh embodment Fig. 136A shows linear and parallel protrusions used to divide-an orientation-cfivided domain into two 
regions, and Fig. 136B shows zigzag protrusions used to divide an oriemation^fivided domain into four regions. In the 
drawings, reference numeral 208 denotes a protrusion. Reference numeral 35 denotes a CS electrode. The CS elec- 
trodes 35 are extending afong the edges of pixel electrodes so as to work as black nrHtrices. but are separated from the 
protrusions 20a This is because the CS electrodes 35 apply a certaki voltage to the pixel electrodes (TO electrodes) 
13. and that if the voltage were applied to the protrusions 20B. alignment of liquid crystalline molecules wouW be 
adversely affected 

Figs. 137A to 1 37D show a process for manufacturing the TFT substrate of the panel of the 35th en*)oclment As 
shown in Fig. 137A. the gale electrode 31 is patterned on the glass substrate 17. Next the SiNx layer 40, the amor- 
phous silicon (a-SO layer 72 and the Silsix layer 65 are serially formed. Further, as shown in Fig. 1378. the SiUx layer 
65 is etched to the a-Si layer 72 in such a fashion as to leave only the portfon of the channel protecting film. The n* a- 
Si layer and the Ti/AI/Ti layer conesponding to the data bus fine, the source 41 and the drain 42 are formed, and etching 
is then so made by patterning as to leave only the portions corresponding to the data bus fine, the source 41 and the 
drain 42. After the SiNx layer ccnesponding to the final protecting film 43 is fbnned as shown in Fig. 137D. etcWng is 
then made to the surface of the glass substrate 1 7 in such a manner as to leave the portfons 43B and 40B correspond- 
ing to the portion necessary for insulation and to the protrusfons. At this time, the contact hole of the source electrode 
41 and the pixel electrode is formed simultaneously, too. Further, the ITO electrode layer is formed and patterned, 
thereby forming the pixel electrode 13. Therefore, the height of the protoisfon is the sum of the SiNx layer 40 and the 
final protecting f Pm 43. 

Fig. 138 shows the structi^e of a modification of the panel of the 35th embodinr>ent and when the SiNx layer cor- 
responding to the final protecting fdm 43 is etched, etching is made tp to the i^iper surface of the SiNx layer 40. There- 
fore, the heigfit of the protnjsion is the thickness of the final protecting iim 43. 

Figs. 139A to 139E show a process for manufacturing the TFT substrate of the panel of the 36th embodiment As 
shown in Rg. 1 39A. the gate electrode 3 1 is patterned on the gfass substrate 1 7. Next, the TO electrode fayer is formed 
and patterned to form the pixel electrode 13. The SiNx fayer 40. the amorphous silicon (a-Si) layer 72 and the SiNx 65 
are seriaOy formed as shown *« Fig. 139B. Further, the SiNx layer 65 is etched ip to the a-Si fayer 72 in such a fashion 
as to leave only the portion of the channel protecting fflm. The n* a-Si layer is further formed. As shown in Fig. 139C. 
etching is then made ip to the surface of the pixel electrode 13 in such a fashfon as to leave the necessary portions 
and the portion 40B corresponding to the protrusfon. The Ti/AI/Tl fayer corresponding to the data bus line, the source 
41 and the drain 42 is formed as shown in Fig. 139D. and is then patterned in such a fashion as to leave only the por- 
tions corresponding to the data bus line, the source 41 and the drain 42. The n* a-Si fayer and the a-Si 72 are etched 
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by using the data bus line, source 41 and the drain 42 as the mask. After the SiNx layer corresponding to the final 
protecting film 43 is formed as shown in Fig. 139E. etching is made up to the surface of the pixel electrode 13 in such 
a fashion as to leave the portion necessary for insulation and the portions 43 B and 40 B corresponding to the protru- 
sions. 

The explanation predetermined above explains the embodiments relating to the manufacture of the protrusion 20B 
on the side of the TFT sulDsaate 1 7. but there are various modifications depending on the structure of the TFT substrate 
1 7, and the like. In any case, the production cost can be reduced by manufacturing the protrusion by conjointly using 
the manutacturing process orf other portions of the TFT substrate 17. 

As has been explained already, the protrusion of the dielectric material disposed on the electrode has the advan- 
tage that stable orientation can be obtained because the direction of regulation of the orientation by the slope coincides 
with the direction of regulation of the orientation by the electric field at the protrusion portioa However, the protrusion 
is the dielectric malerial (feposed on the electrode and the alignment film is formed on the protrusion. For this reason, 
the inside of the liquid crystal cell becomes asymmetric between a pair of electrodes, and the charge is likely to stay 
with the application of the voltage In consequence, the residual DC voltage becomes high, and the problem of so-called 
Txirn" occurs if the area of the projection is relatively large. 

Figs. 140A and 140B show the relationship between the thickness of the dielectric material on the electrode and 
the residual DC voltage. Rg. 140A is a graph showing this relationship and Fig. 1408 shows the portion corresponding 
to the thickness d of the delectric material and the position of the occurrence of "burn*. The vertical alignment film 22. 
too. is the dielectric material, and the sum of the height of the protrusion and the vertical alignment f Bm 22 corresponds 
to the thickness d of the tfieJectric material as shown in Rg. 1408. The residual DC voltage increases with the inaease 
of d as shown in Rg. 140 A. Therefore, burn is lately to occur at the portion of the protrusion 20 shown in Rg, 1408, Th« 
also holds true of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
shown in Rg. 93. The 37th enixxliment to be explained next is directed to prevent the occurrence of such a pfoWem. 

Rgs. 141 A and 141B show the structure of the protrusion in the 37th embotSment. Rg. 141 A is a perspective view 
of the protrusion 20 and Rg. 141B is a sectional view. As shown in these drawings, the protrusion 20 has a width of 7 
Jim, the width of its upper surface is about 5 jim and its height is about 1 to 1.5 jim. A large number of fine pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 urn. 

Rgs. 1 42A to 1 42E are drawings showing a method of forming the protrusion (on the side of the GF sut)Strate) hav- 
ing such fine pores. As shown in Rg. 142A. the glass substrate having the opposed electrode 12 of the ITD fim fbnned 
thereon is washed. A photosensitive resin (resist) is applied and is then baked to form a resist layer 351 as shown in 
Rg. 142B. A mask pattern 352 permitting light to transmit through the portions other than the protrusion and the pore 
portions is brought into dose contact with the resist fayer 351 and then exposure is effected The protrusion 20 shown 
in Rg. 1 42D is obtained by then carrying out development When baking is made further, the protrusion 20 undergoes 
shrinkage, and the side surface changes to the skipe as shown in Rg. 142E. 

When the substrate havff>g the fine pores formed in the protrusion desai>ed above arxl the substrate not having 
the pores are assembled and the residual DC voltage is measured by a fficker erasure method (DC: 3 V, AC: 2.5 V. tem- 
perature: 50 C, DC application time: 10 minutes), the residual DC voltage is 0.09 V when thie fine pores are fonned and 
is 0.25 V when they are not formed. Because the residual DC voltage is reduced in this manner, seizure beconws more 
dffficlitt to occur. 

The liquid crystalline molecules are oriented perpendicufarly to the stapes of the protrusions, etc, and to the electric 
field. It has been found out however, when the gap of the protrusions becomes smaller to the size approximate to the 
fine pores, the liquid aystalfine molecules are not oriented to the slope of the fine portions. Therefore, the liqiid crys- 
talline molecules are affected at the upper surface portion of the protrusions by the irtf luences of the orientation due to 
the slopes on both sides and are oriented along this orientation. 

Rg. 143 shows the protrusion structure of the 38th embodiment In the 38th errtxxfiment a groove having a width 
of 3 Jim and a smafl thickness is disposed below the protrusion 20B having a width of 7.5 iim on the TFT substrate side. 
Further, a chromic shading layer 34 is disposed below the protrusion 20B. Such a protrusion 20B can be manufactured 
by the sanf>e method as that of the 37th embodiment When the residual DC voltage is measured for the protnjsion 
structure of the 38th embodiment it is 0. 10V. and the result substantiaPy equal to that of the 37th enixxBment can be 
obtained. 

In the protrusion structure of the 38th embodiment the liquid crystalline molecules are not oriented at the groove 
portion in the direction perpendicular to the substrate when no voltage is appBed. and the vertical orientation property 
gets d^eriorated in some cases. However, because tiie shading film 34 is disposed, leaking light due to abnormal ori- 
entation at this portion is cut off and does not invite the drop of the contrast 

Next the shape of a section of a resist was examined. Normally, the resist has a section like the one shown in Rg. 
144A immediately after conpletion of patterning. However, in the mode of the present invention, a cylindrical section 
having a rather smooth stope contrixjtes to more stable alignment. Substrates immediately after being patterned were 
baked at 200*C. whereby the sectional shape of the resist was changed into the one shown in Rg. 144B. Rgs. 145A to 
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145E are diagrams showing a change in sectional shape of the resist deriving from a change in terrperature at which 
the patterned resist is baked. Even when the baking temperature was raised to ISOX or more, a further change in sec- 
tional shape was limited 

Talking of the reasons why the resist was baked at 200*'C. aside from a reason that the sectional shape of the resist 
is intended to be changed, there is another important reason. That is to say. when the resist employed in the prototypes 
is baked normally (at 135*'C for 40 min.). it is melted whUe reacting upon a solvent applied to an alignment film. In this 
embodiment, the resist is baked st a high enough temperature before the alignment film is formed. areJ thus prevented 
from reacting upon the alignmerrt film 

In the first embodiment the resist is baked at 200*0 in order to make the sectional shape of the resist cytindricaL 
Data that has been desabed so tar was acquired using the pattern of protrusions whose sectional shape is cyUrxirical! 

In the foregoing examples, the sectional shape of a resist is made cylindrical by optimizing the baking teaperature. 
Depending on the line width of a resist, the resist becomes cylindrical naturally. Rgs. 146A to 1 46C are diagrams show- 
ing the relationships between the line width of a resist and the sectional shape thereof. When the line width is dtx)ut 5 
micrometers, the resist has a preferable cyfindricaJ shape naturally. Presumably, therefore, when the fine width is about 
7 n^crometers or less, a resist having a naturally cyfindricai sectional shape can be formed. In an existing cfisplay. the 
line width of 5 micrometers can aduaPy be adopted. Depending on the performance of an exposure device, e/en when 
the line width is in the unit of submicrons. the same alignment can be thought to be attained in principle. 

When a protrusion is used as the domain regulating means. furthernx)re. it becomes necessary to form a vertical 
alignment film thereon. Rgs. 147A and 147B are sectional views of a conventional panel using protrusion as a domain 
regulating means, and illustrates the protrusion. Refemng to Fig. 147A, on the sut>stra1es 16 and 17 are formed color 
filters and bus lines as weO as ITO electrodes 12 and 13. Protrusions 20A and 20B are formed thereon, and vertical 
alignment films 22 are fomied on the TO electrodes 1 2 and 1 3 that include the protrusions 20A and 20B. 

When the protrusion is formed by using the positive-type photoresist such as a TFT flattening agent HRC-135 man- 
ufactured by JSR Ca the surtace exhibits poor wettability to the vertical alignment Urn. expels the material off fte verti- 
cal alignment film that is applied, and makes it difficult to fonm a vertical afignment Hm on the surface of the protrusion. 
Ftg. 1 478 shows this condition. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur- 
faces of the protrusions 20A and 208. The protoisfons 20A and 208 having no vertical alignment fim 22 formed on the 
surfaces thereof, do not help obtain a desired orientation. Therefore. Bght-leakage occurs from the protrusions to dete- 
riorate the quality of display A 39th ennbodiment is to solve this problem. 

According to the 39th embodin>em. the surface of the protrusion is treated so that the material of the vertical align- 
ment film easily adheres onto the swface of the protrusion. As the treatmer* for enabling the material of the vertical 
aiigrvnent film to easOy adhere to the si^face of the protrusioa it can be contrivGd to form fine ruggedness on the sur- 
face of the protrusion so that the material of the alignment flm can be favorably appGed thereto, or the wettabflity of the 
surface of the protrusion can be enhanced relative to the material of the vertical afignment f flm. When fine ruggedness 
is formed on the surtace of the protrusion, the liquid of the alignment film stays in the corKave portions, and the material 
of the alignment film is less expelled by ttie surface of the protrusion. The mggedness can he formed by either a chem- 
ical treatment or a physical treatment. As the chemical treatment ashing can be effectively enployed. 

Figs. 148A to 148C are dagrams iflustrating a method of fonnng protrusions according to a 39tti embodiment 
based on the ashing treatment Referring to Fig. 148A. a protrusion 20 is formed by using the photoresist on the elec- 
trode 13 (which, in this case, is a pixel electrode 13 but may be an opposing electrode 12). The protrteion 20 has the 
shape of. for exanple, a strpe of a width of 10 pm and a height of 1 .5 pm. The protrusion is annealed to assixne the 
shape of a dome in cross section. The surface of protrusfon on the siAjstrate is subjected to the ashing treatment using 
a conventional plasma asher. Through the plasma ashing, fine dents are formed on the surface off the protrusion as 
shown in Fig. 1488. The thus obtained substrate is washed, dried, and onto which a vertical orientation menter is 
applied by using a printer. Due to the effect of ruggecfriess formed on the protrusion, the orientation member is not 
expelled, and a vertical alignment film is formed on the whole surface of the protrusion as shown in Ftg. 148C. There- 
after, the processing is executed in the same manner as that of the ordinary mutti-domain VA system. The thus obtained 
liquid crystal display device exhflDits favorable display properties without defect that stems from the expulsion of the 
alignment film. 

Another exanrple of the ashing treatment wfll be an ozone ashing treatment exhibiting the same effect as that of the 
plasma ashing treatment 

As a physical method of forming aiggedness. the substrate is washed with a brush by using a substrate washing 
machine after the protrusion has been annealed. This forms njggedness in the form off strpes on the protrusion. Other 
exanrples of the method of physically forming ruggedness include effecting the njbbing by using a ojbbing dewce as 
shown in Fig. 149A. and transfening ruggedness of a roller 103 by pusNng the rugged rofler 103 onto the substrate on 
which the protrusion 20 has been formed as shown in Rg. 1498. 

Fig. 1 50 is a diagram iflustrating the in^adiation with ultraviolet rays in order to enhance the wettability of the surface 
of the protrusion relative to the material of the vertical afignment film. As descrtoed above, a protrusion 20 same as that 
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of Figs, 1 48C is formed on t^e substrate by using a photoresist By using an excimer U V irradiation apparatus, the sub- 
strate is irradiated wrth uHraviolet rays of a main wavelength of 172 nm in an environment in which an oxygen concen- 
tration is not lower than 20% in a dosage of 1000 mJ/cm^. This helps improve the wettability of the surfaces of the 
substrate and of the protrusion relative to the material of the vertical alignment film. The thus obtained substrate is 
washed, dried, and is coated with the vertical orientation member by using a primer Since wettability has been 
improved by the irradiation wr:h ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
of the ordinary mufti-domain VA system. The thus obtained liquid aystal display device exhtorts favorable display prop- 
erties without defect that sf erris from the expulsion of the alignment film. 

Figs. 1 51 A and 1 51 B are graphs illustrating a change in the expulsion factor of the material of the vertical alignmert 
film of when the conditions are changed in which the protrusion formed of a photoresist is irradwted with ultraviolet rays. 
Rg. 151 A is a graph illustrating a refationship among the wavelength, dosage (radiation quantity) and expulsion factor 
(repellent occurrence ratio). LWravidet rays having a wavelength of not longer than 200 nm are effective. When the 
wavelength is longer than 200 nm, the improvement is accomplished to only a small degree. When the ultraviolet rays 
have a^wavelength of not longer than 200 nm. furthermore, no expulsion (repellent) occurs with the dosage of 1000 
mJ/cm^. Rg. 151 B is a graph illustrating a relationship between the oxygen concentration and the expulsion factor of 
when the protrusion is irradiated with ultraviolet rays having a wavelength of not longer than 200 mn with a dosage of 
1 000 mJ/cm^. In an environment where the oxygen concentration is low. ozone is not generated in suflident amounts 
and the improvement is accomplished fittle. ft is ther^e desired thai the protrusion is inadiated with ultraviolet rays 
having a wavelength of not longer than 200 nm in an environment in which an oxygen concentration is not lower than 
20% ¥vrth adosage of not smaBer ttian 1000 mJ/cmf 

As an apparatus for generatkig uftraviol^ rays having a wavelength of not longer than 200 nm. there can be used 
a low-pressure mercury lanp in addition to the above-mentioned exdmer UV inadiation apparatus. 

In the above-mentioned processing, the substrate was washed and dried after inradiated with ultraviolet rays. How- 
ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried. In this case, since the pro- 
tmsion is irradiated with uftraviolet rays ji«t pria to printing an alignment f am thereon, wettabilrty is not inpaired by 
being left to stand after it is irradated or by washing. 

Repellence on the protrusion can be drasticafly improved if a silane cotpfing agent an alignment film soh/ert. etc. 
are applied before the alignment film is applied, and then the afignment film is formed. More concretely, the substrate 
is baked (amealed) and the shape erf the protnsion is turned frito the semicylindrical shape as shown in Fig. 146. After 
this sitetrate is washed, hexamelhyWisifane (HMDS) is applied by using a spinner. A vertical orientation material is 
applied to the siijstrate by using a printing press. In this way. the vertical alignment fSm is satisfactorily formed on the 
surface of the protrusioa Incidentally. N-methy^jyrrolidone (NMP) may be appGed m place of HMDS. Further, printing 
of the vertical alignment fim may be earned but in a sealed NMP atmosphere and in this case, toa the vertical align- 
ment fflm can be formed satisfectoray on the surface of the protrusioa Various soJvenls are available as the solvent to 
be appfied before the fonnation of the vertical afignment film, and gamma-butyrolactone, methyl cellosolve. etc. as the 
solvent of the alignment f im can be used, for exarrple. 

Rgs. 1 52A to 1 52C are exptenatory views useful for explaining an exarrple of the production method of the protru- 
sion in the 39th embodiment and represents an example wherein the protrusion is formed by a mat^al dispersing 
therein fine particles (particulates) (example of the CF substrate side). As shown in Fig. 1 52A a positive type photosen- 
sitive resin (resist) 355 containing 5 to 20% of fine alumina particles having a grain size of not greater than 0.5 pm in 
mixture is applied onto the electrode 12. The resi^ 355 is exposed and developed by using a photomask 356 which 
shades the protoision portion, as shown in Rg. 1528. After bakkig is carried out a protojsion 20A shown k\ Rg. 152C 
can be obtained. The fine alumina particles 357 protmde from the surface of this protoision 20 A and fall off from the 
surface to form holes. In other words, fine concave-convexities are formed on the surface of the protrusion 20A. For this 
reason, wettabaity can be improved when the vertical alignment film is applied. 

To increase the number of concave-convexities on the surface of the protrusion in the embodiment desCTibed 
above, the prc^rtion of the fine alumina partides to be mixed with the resist must be increased. When the proportion 
of the fine alumina partides exceeds 20%. however, the photosensitivity of the resist drops and patterning can not be 
carried out by exposure Rgs. 153A to 153C show a method of manufacturing the protrusion when the number of the 
concave-convexities on the surface of the protrusion must be inaeased. 

A non-photosensitive resin containing a great proportion of fine alumina particles 357 having a grain size of not 
greater than 0.5 pm is appfied onto the electrode 12 as shown in Rg. 153A. Further, as shown in Rg. 153B. a reset is 
applied to the surface of the resin, and exposure and development are earned out by using a photomask 358 shading 
the protrusion portion. Because the resist remains at only the portions corresponding to the photomask 358, the non- 
photosensitive resin at portions other than the protrusion portkxi is removed by etchir^g. When baking is earned out fur- 
ther, the protruswn 20A can be obtained as shown in Rg. 153C. The concave-convexities »e formed similarly on the 
surface of the protrusion 20A but because the proportion of the fine alumina partides 357 mixed is great, a farge 
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number of concave-convexities are formed, and wettabilrty can be much more improved than in the embodiment shown 
in Fig. 154 when the vertical alignment film is applied. 

Figs. 154A and 154B show another nnanufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine partides. In this example, after the resist 360 is applied to the surface of the electrode 1 2. the fine alu- 
mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360. followed then by pre-baking. 
Thereafter, the protrusion is patterned in the same way as in the prior art. and the protrusion 20A shown in Rg. 1543 
can be obtained. When this protrusion 20A is washed, the fine alumina parlides 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concav&wivexities are formed. 

Figs. 155A and 155B are explanatory views usefiJ for explaining an exanple of the manufacturing method of the 
protrusion in the 39th err^odimenl. and represents the exanple wherein a protrusion nnaterial is foamed to fonn tfie 
concave-convexities on the surface of the protrusion. The resist for forming the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Propyleoe Caycol Moooiyiethyl Ether Acetate), for exanple. is appfied by a spinner and is then 
pre-baked (pre-cured) at 60*C. Under this state, large quantities of the solvent remain inside the resist Patterning is 
tfien carried out by exposire and development by using a mask. 

According to the ennbocfiments as descrtoed above, as shown oi Fig. 156 with a broken line, the tenperature is 
gradually raised inside a dean oven up to 200«C in the course of 10 minutes, is held at this tenperature for longer than 
75 minutes and is graduaBy returned to the normal tenperature in the course of 10 minutes. In contrast, according to 
this embodiment as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200«C and is 
heated for 10 minutes. Al this time, about one minute time is necessary to raise the substrate tenperature to 200^. 
Thereafter, the substrate es left standing for coofing for 10 minutes to the normal terrperatura When quick heating is 
carried out in this way. the sofvert inside the resist is bumped and bubbles 362 are fooned inside the resist as shown 
in Rg. 155A The bubbles 362 are emitted outskte from the surface of the protnision 20 as shown in Rg. 155B. Al this 
time, the traces 363 of the txisbies are left on the st^e of the protrusion, fomwg thereby the concave<onvexities. 

Incidentally, when the resist cfissolved in the soivent is stirred before the appfication and the bubUes are introduced 
into the resist foaming is more ikely to occur than when the resist is quicWy heated. Stining may be carried out while 
a nitrogen gas or a carbonic add gas is being introAiced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissofved in the solvent, so that f ormability at the time of heating frweases. 
Water of crystaflization which emits water at about 120 to about 200«'C or a dathrate compound which emits a guest 
solvent may be mixed with the resist too. Water is emitted from water of crystaflization and changes to a steam or the 
guest solvem is entittedalffietin>e of heating, and toanwg is rnore likely to occur. A solvent or a sifica gel adsoftjing a 
gas may be mixed ¥wth the resist The adsort>ed solvent or the gas is envtted from the silka gel at the time of heating 
and consequently, foaming is more likely to occur. Inddentally. the solid material to be mixed must be smaBer than the 
height of the protrusion and its width, and nwst be pulverized in advance to such a siza 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
trusion in the sah embocfimertf. and according to such structures, the vertical alignment film can be formed more easfly 
on the sifftace of the protrusion. Rgs. 157A to 157C show another method of forming the protrusion having the grooves 
such as those of the 38th enixxSment 

As shown in Fig. 157A, the protrusions 365 and 366 are formed adjacent to one another by using a photoresist 
which is ised for fonming a mic^o^ens. The patterning shape of this micro-lens can t>e changed depending on the Pght 
reflection inter^, the baking terrperature. the compositfon. and so forth, and when the suitable baking condHion is set 
the protrusion collapses and changes to the shape shown Rg. 157B. When the vertical alignment fBm 22 is applied to 
this shape, as shown in Rg. 1S7C. the vertfoal alignmert fflm 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material descrtoed above is applied to a thickness of 1 .5 ^rni. the protnjsions 365 
and 266 are patterned to a width af3timandagapof1fim between the protrusfons. The film is then baked at 180*C 
for 10 to 30 minutes. As a resUt two protrusions are fused to each other to form the shape shown in Rg. 157B. A 
desired shape can be obtained by controffing the baking time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 Jim. the width is from 2 to 10 ^im and the gap is within the range of 0.5 to S lun. When 
the height of the protruskxs is greater than 5 jim, this height affects the cell thickness (thickness of the liqukJ crystal 
layer) and impedes injection of the liquid crystal. When the width of the protrusfon is smaller than 2 jim. on the other 
hand, the orientation limiting force of the protrusion drops. Furthenmore, when the gap between the protrusions 
exceeds 5 pm, the two protrusions cannot be fused easily and when it is snraner than 0.5 jim, the depressfon can not 
be formed at the cerrter. 

In the foregoing was descrtoed the treatment for wrproving wattability of the protrusion relative to the material of the 
alignment fam accorcfing to the 39th embodiment. Here, the protrusk^n may have any pattern and may not be of the 
shape of a dome in cross serfoa Moreover, the material fomning the protrusion is not lintited to the photoresist but may 
be of any material provided it is capable of forrrtng a protrusion in a desired shape. By taking into consideration the 
chemical or physical formation of ruggedness in a subsequent process, however, it is desired to use a material which 
is soft, is not easay peeled »Td can be subjected to the ashing. The materials satisfying these conditions win be pho- 
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toresist Wack matrix resin, coiored filter resin, overcoating resin. and polyimide resin. These organic materials make it 
possilDle to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodinr>ent as described above, wettability of the surface of the protrusion is inproved for 
the materia] of the alignment film, making it possible to prevent a trouble in that the alignment fSm is not formed on the 
surface of the protrusion, the quality of display rs improved and the yield is improved. 

In the past, a so-called Uack matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region t>etween pixels. Fig. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with Wack matrices. As illustrated, a red filter 39R, green fiHer 39G. and blue fflter 39B 
that coincide with red. y een. and blue pixels are formed on a color fitter (CF) substrate 1 6. and ITO electrodes 12 are 
formed on the CF substrate. Furthernrwe. Uack nratrices 34 are formed on the borders anwng the red. green, and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are formed together wfth ITO electrodes 13 on a TFT sub- 
strate 1 7. A liquid-crystal layer 3 is interposed between the two substrates 16 and 1 7. 

Fig. 159 is a diagram showing the structure of a panel of the 40th embocfinnent of the present inventfon. and Fig. 
1 60 is a diagram shewing a pattern of protrusions over pixels in the 40th eirbodiment As illustrated, the i-ed filter 39R. 
green filter 39G, and blue (iter 39B are formed on the CF substrate 16. As showvn in F»g. 160. the protrusions 20 A for 
controlling alignment, which are induded in the Rquid aystal panel of the first en*odiment are farmed on the CF sub- 
strate 16. though they are not shown in Fig. 159. The protrusions 20 A are made of a light-interceplive materal. Protru- 
sions 61 are formed on the perimeters of pixete. The protrusions 51 are also made of a light-interceptive material and 
function as black matrices. The necessity of forming the Wack matrk:es 34 fike in the prior art is obviated. The protru- 
sions 61 functioning as Uack matrices can be formed concurrently with the protrusions 20A. Using this process of man- 
ufacturing, the step of crratinQ Uack matrices in the course of aeating the CF substrate 16 can be omitled. Reference 
num^ 62 derxrtes a TFT in each pixel. The protrusions 61 are designed to intercept light from the TFTs. 

In Fig. 1 59. the pro«rusk3ns 20A and 61 are fornrwd on the CF substrate 1 6. Alternatively, the protrusions 61 or 20A 
or both of them may be fomied on the TFT substrate 1 7. Owing to this structure, a mismatch between ttie CF substrate 
1 6 and TFT sUjstrate 17 occurrwig during bonding need not be taken into account Consequenfly, the numerical aper- 
ture of the panel and the yield of a bonding step can be improved outstandingly Assuming that the CF substrate 16 is 
provided with Uack matrfoes, when the ITO electrodes 1 3 on the TFT substrate 1 7 and open portions (portions without 
the Uack matrices) of the CF sulistrate 16 are designed to be mutually identical, if a bonding mismatch occurred in the 
process of manufacturing ttie panel, the rrtismatch region would cause light leakage. This disables normal cfisplay. Gen- 
era0y, even if a high-precision bonding machine is employed, a matching error of about ± S micrometers (fim) is present. 
A corresponding margin must therefore be preserved. In consideration of the margin, an aperti^e for each Uack matrix 
is designed to be smaller. Thus, the above proUem is coped with. That is to say. each Uack nratrix is designed to invade 
into an TO electrode 13 formed on the TFT substrate 17 by about 5 to 10 mforometers. When the protrusions 61 are 
formed on the TFT substrate 1 7. the panel is firee from the adverse effect of the bonding misrratch. Consequently, the 
nwnerical aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smafler. that is. 
as a resokitfon improves. For example, 'm this embodiment, a substrate having TO electrodes of pixels of which vtridth 
is 80 micrometers and height is 240 iticrometers is employed. In any of the conventional nxxies, sffxw a mar^ of 5 
micrometers is needed, the width and length of the aperture become 70 miaometers and 230 rricrornetere respectively, 
and the area of an aperture tor each pixel becomes 16100 square miaometers. By contrast, in this entxxfiment. the 
area of the aperture for each pixel is 19200 square micrometers. The numerical aperture is improved to be approxi- 
mately 1.2 times larger than the one permitted by the conventional mode. For realizing a display ttiat offers twice as high 
a resolution as the one provided by the panel, the width and length of an electrode are 40 micrometers and 120 miaom- 
eters respectively- In the conventional mode, the area of the aperture for each pixel is 3300 square miaometefs. In this 
embodinient. the area of the aperture for each pixel is 4800 square micrometers and thus snproved to be approximately 
1.5 times higher than the one permitted by ttie conventional mode. Thus, the higher the resolution fe. the greater the 
advantage is. 

Rg. 161 is a diagram showing a pattern of a Uack matrix (BM) accading to a 41th embodbnenl. ft was described 
atxjve that fight leaks at the domain regulating means. A minute domain having an orientation angle 90» different 
located at about the top o# the protrusfon can be used as described above. The fight leaks, however, unless a staUe 
orientation can be secured at about the top o( the protrusfon. For the contrast to be improved, therefore, the domain 
relating means ts preferaUy masked. One metiiod of masking the protrusion is to form the protrusion of a light-shieW- 
ing nraterial. According to the 41tfi enixxJiment however, the domain regulating means is masked by use of a Uack 
matrbc (BM). 

As desaibed above, the BM 34 is used for shielding the leakage fight at the TFT and the boundary between the 
cell electrode and the bus Sne. The 41th embodiment, however, uses the BM also at the domain regulating means. Con- 
sequently, the leakage light at the the domain regulating means can be masked for an irrproved contrast. 

Frg- 162 is a sectional view of a panel according to a 41 st embodiment. As shown, the BMs 34 are arranged at posi- 
tions corresponding to the protrusions 20A. 20B. the TFT 33. and the interval between the bus ines (only the gate bus 
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tine 31 is shown) and the cell electrodes 13. 

Fig. 163 shows a pixel pattern according to a 42nd embodinrtent. Ckjnventionally. a delta arrangement is known, in 
which the display pixels, which are substantially square in shape, are arranged in adjacent colurms one haff of a pftch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is corrfigured of three adjacent 
pixels of 13B. 13G. 13R. Each pixel is alnriosi square in shape, and as compared with a l-to-3 rectangle, an equal pro- 
portion of liquid crystalline moiecuJes can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus fine is extended in zigzag along the perimetric edge of the pixel. In 
INs way. the delta arrangement is very effective in the case where a protrusion arrangement or a depression arrange- 
ment is continuously formed over the entire substrate surface for orientation division. 

The 43rd ennbodiment to be descrtoed next is an entKxfiment using the protrusions for controffing alignment or the 
protrusions 61 serving as Wack matrices in the 40th embodiment as spacers. As also shown in Fig. 19. spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value, f^g. 164 is a dia- 
gram showing the structure of a panel of a prior art wherein spacers 45 are placed on borders between pixels and 
define the thickness of cefls. The spacers 45 are, for example, spheres having a predetemnined diameter. 

Figs. 165Aand 165Bare<Sagramsshowingthestnjctureof a panel of the 43rd embodiment Fig. 165Ashowsthe 
stmcture of the panel of the 43rd embodiment and Fig. 165B shows a nxxlification. As shown in Ftg. 165A. in the panel 
of the 43rd ^rtxxfimem. protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cells. In the drawing, the protrusions 64 are formed on the TFT sut>strate 1 7. Aftematively. the protru- 
sions 64 may be formed on the CF substrate 16. This structure obviates the necessity of including spacers. No liquid 
crystal is present at the positions of the protmsions 64. For a verticallyafigned panel or the fike. the positions of protru- 
sions (cen holder areas) of the panel appear in Wack all the time irrespective of an appfied voltage. The black matrices 
are therefore unnecessary, and &« protrusions 64 need not be made of a light-interceptive material but can be made 
of a transparent material. 

In the 43fd embodiment shown in Fig. 165A, the protrusions 64 define the thickness of cefls. The precision in thick- 
ness of cells is dominated by the precision in fonning the protrusions, and is therefore poorer than that pemiitted when 
the spacers are used. A panel having the structure of the sixteenth embodment was actually produced. As a result, a 
level of uncertainty in thickness c* cells can be controOed within ± 0.1 miCTometers. This level would not pose any par- 
ticular problem in practice- However, this structure is unsuitable when the thickness of cells must be contrijned strictly. 
The modification shown in Rg. 1678 is a structure intended to solve this problem. In the nxxfification shown in Rg. 
167B. the spacers 45 are mixed in a resin to be made into the protmsions 65. and the resin is ai^ied to the substrate. 
The substrate is then patterned in order to form the protrusions- In this modification, the merit of the 43fd embodiment 
that the spacers are unnecessary is tost but there is a merit that the thickness of ceils can be defined irrespective to 
the precision in drawing a pattern o* protrusions. A panel having the structure shown in Fig. 1678 was produced actu- 
ally. The thickness of cells couW be defined so precfeely that an error fiafls wiiNn ± 0.05 micrometers. Nevertheless, the 
spacers are still needed. Howew. since the spacers are mixed in a resin, the spacers are arranged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel productfon step. The number of steps 
included in the process does not increase. 

Figs. 166 A and 1668 are (Sagrams showing another morfrfications of the 43rd embodiment. Rg. 166A shows a 
stajcture m which the protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made of a light-intercep- 
tive material, and Rg. 166B shows a structure in which the protrusions 65 shown in Rg. 1658 are replaced with protru- 
sions 82 made of a Bght-ffrterceptrve material. As mentioned above, in Rgs. 165A and 165B. the protrusions 64 and 65 
may be made of a transparent material. The protrusions can still fil the rote of black matrices. However, when the pro- 
trusions are made of the Bght-tfrtefceptive material, perfect fight interc^jtion can be achieved. 

Fig. 167 is a (fiagram showing a modification of the 43rd errbodtfnent. Protnjsions 83 are formed on the CF sub- 
strate 16 and protrusions 84 are formed on the TFT substrate 17. The protojsions 83 and 84 are brought into contact 
with each other, thus d^fving the thrckness of cells. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its mocfification. 

In the 43rd embodinwit and its modification, protrusfons lying on the perimeters of pixels are used to define the 
thickness of ceUs. Protrusions for controlling alignment for example, the protoisfons 20 A shown in Fig. 160 may be 
used to define the thickness of eels. 

Furthermore, in the 40th ennbodiment. 43rd embodmert. and mocfifcations of the 43rd en*odiment, protojsions 
are formed afl over the perimeters of pixels. Alternatively, the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61. 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material arxl formed along one sides of only TFT portions of pixels, that is, portions 62 shown in 
Rg. 59. As mentioned above, as tar as a so-called nomially Wack-mode panel that, like a verticaBy-aligned (VA) panel, 
appears in black when no voltage is appGed to TO electrodes is concerned, even if tiie Wack matrices are excluded! 
light leakage hardly poses a proUem In this embocfiment therefore, only the TFT portions of pixels are coated with a 
light-interceptive resin but the drain bus lines and gate bus lines surrounding the pixels are not coated therewith. As 
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mentioned above, as the number of light-interceptive regions dea eases, the numerical aperture improves accordingly. 
This is advantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment arxS its modrfications shown in Figs. 165A to 169, 

In the 43rd embodimem, the black matrix is provided with the function of the spacer but according to the prior art. 
spherical spacers having a diameter equal to the cell thickness are sprayed on one of the substrates having the vertical 
alignment film fonmed thereon and then the other substrate is bonded. When the protrusion is formed on the electrode, 
however, a pari of the spacers so sprayed is positioned on the protrusion, if the diameter of the spacers is equal to the 
cell thickness in the case where no protrusion is formed, the cell thickness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outside to the panel that 
is once assembled and the spacers rrxjve on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform dtspiay develops. The ferty-fourth embodiment to be rwxt explained is directed to solve this 
problem by decreasing the cfiameler of the spacers in consideration of the thickness of the protrusion. 

Rgs. 1 68A to 1 68C shcvf the panel structure of the 44th embodiment Rg. 1 68 A shows the TFT substrate 1 7 before 
assembly, Fig. 168B sho^^s the CF substrate 16 before assembly and Rg. 168C showvs the assembled state. As shown 
in Rgs. l68Aand 1688. the protrusion 20Ais fbnmed on the electrode 12 of the CF substrate 16 and the vertcal align- 
ment film 22 is further formed. The protrusion 20B is fbnfned on the electrode 1 3 of the TFT substrate 1 7 and the vertical 
alignment film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 pm 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 
micrometers (^im). and the cfiameter of the spacer 85 made of a plastic material is 3 jim which is the balance obtained 
by subtracting the height d the protrusion from the cell 163 A thickness. As shown in Rg. 168A. ISOtoSOOpcsAnm^of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 1 7. A seal is formed from a borxfing resin on the CF substrate 
16 and the CF substrate 16 is bonded to the TFT substrate 17. The spacers 85 are positioned on the protrusions 208 
or betow the protrusions 20 A at a certain probabaity as shown in Rg. 168C. This probability corresponds to the propor- 
tion of the areas of the protrusions 20A and 20B to the entire area. Under the state shown in Rg. 168C. the cell thick- 
ness is limited by the spacers positioned on the protrusions 20B or bekiw the protrusions A and the thickness of the 
protrusions. The spacers 45 existing at portions other than the protrusions 20A and 20B are f toating spacers that do not 
affect the cell thickness. Since the ceU thickness is limited by the protrusions 20A and 208. the cell thickness harxfly 
exceeds the desired value. Even when the spacers at portions other ttian the portions of the protrusions move to the 
protrusion portions duing the use of the panel, the cell thickness does not become thicK and even when the spacers 
existing at the protrusion portions move to the portions other than the protrusion portwns, they change to only the float- 
ing spacers. 

Rg, 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the cell 
thickness. When the scattered density of the spacers is 100 to 500 pcs^mnri? the ceO tWckness falls within the range of 
4 urn ± 0.5 jm 

Next Rg. 172 shows ttw experimental result of variance of the cefl thickness that occurs when a force is applied 
from outside to the panei. and the scattered density of the spacers. It can be appreciated from this result that when the 
scattered density ts lower tiTan 1 50 pcs/rrorf, variance is likely to occur again t the force applied, and when the scat- 
tered density exceeds 300 pcs/mm^. variance is likely to occur against the tensile force. Therefore, the optimum scat- 
tered density is 150 to 300 pcs/mm?. 

In the nnanufacturing process of the liquid crystal dtspiay panel, ionic inpurrties are sometimes entrapped and ions 
contained in the liquid crystal and ions eluting from the alignment film, the protrusion fonming materia!, the seal material, 
etc. mix in the liquid crystal panel in some cases. When the ions mix into the Squid crystal panel, the specific resistance 
of the panel drops, so that the effective voltage applied to the panel drops, toa thereby resulting in burn of the display 
and in the drop of the voltage retention ralia fri this way. mixing of the ions into the panel lowers display performance 
and reliability of the liquid crystal panel. 

Rx these reasons, the ion adsorption capacity is preferably provided to the dielectrk; protrusion formed on the elec- 
trode, used as the domain regulating means in the embodiments descrtoed above. There are two nr^hods of providing 
the ion adsorption capacity to the protrusion. The first method irradiates the ultra-vk)let rays and the second adds a 
material having the ion adsorption capacity to the material of the protneioa 

Surface energy of the protrusion forming material rises when the ultra-violet rays are in^diated to the material. Con- 
sequently, the ion adsorption capacity can be improved. The surface energy y can be expressed by the sum of the polar- 
ity term 7p of the surface energy and its scatter term yd. The polarity term is based on the Couloo* electrostatic force 
and the scatter terni. on the scatter force among the van der Waals force. When the ultra-violet rays are irradiated, 
bonding at portions having a tow bonding energy is cut off. and oxygen in air combines with the cut portions. Accord- 
ingly, the polarizability of the surface increases, the polarity term becomes great and the suriSace energy increases. 
When the degree of polarization increases, the ions become more likely to be adsorbed to the surface. In other words, 
the strface of the protrusion comes to possess the ion adsorption capacity when the ultra-violet rays are in-adiated. It 
is prefened to selectively Wadiate the uHra-violet rays to only the protrusions when irradiating the ultra-violet rays, but 
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because the bonds of the protrusion forming material are more fikeJy to be cut off than the bonds on the surface of the 
substrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 

An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 
ttie materials having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions, and supple- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons, it is not suitable for the protrusion forming material. Among the materials having the ion supplementing capacity, 
some materials exist which have the ion supplementing capacity wrthout emitting the substituent ions, and such mate- 
rials are preferably used. Examples of such materials are crown ether having the chemical formula shown in Figs. 1 71 A 
and 171 B and kryptand having the chemical formula shown in Figs. 172A and 172B. Further. Inorganic materials such 
as alunwna and zeolite have the capacity of supplementing ions without emitting ions. Ther^ore, these materials are 
used. Inddentaily, since the kinds of the ions adsort)ed by one ion adsorption material are limited, materials adsoibing 
differerrt ions are preferably used in corrtiination. 

A protrusion line having a width of 7.5 pm. a height of 1 .5 jrni and a gap of 1 5 pm between the protrusions is formed 
from a posHive type resist, and is subjected to the treatment for imparting the various ion adsorption capacity described 
above so as to manufacture the panels. Rg. 250 shows the result of measurement of the initial ion density and the ion 
density (unit: pc) after the use for 200 hours of the panel so manufactured. In Fig. 250. Utra-violet rays of 1.500 mJ are 
irradiated in Example C, 0.5 wt% of crown ether is added in Example D. zeotrte is added in Exanple E, and crowvn ether 
and zeolite are added in Example F For reference, the case where the treatment for irrparting the ion adsorption capac- 
ity is not carried out is represented as Comparative Exanrple. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at the time of use. and the temperature at the time of measurement is 50*0. It can be appreciated from the 
result that the initial value of the ion density remains at substantially the same level regardless of the ton adsorption 
capacity treatment. However, the ion density after 200 hours drastically tncreases when this treatment is not carried out. 
but when the treatment is carried out. the increase remains smalt. 

When the sample to which the ultra-vfolet rays are inadiated and the sample which is not at all treated are sub- 
jected to the practical running test burn occurs in the un-treated sanple but does not occur in the sarrple subjected to 
the uftra-violet irradiation. 

In the 40th embodiment, the structure in which a pattern of protrusions is drawn on the CF substrate 1 6 using black 
matrices has been disclosed. The structure v«ll be descrft)ed below. 

As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 16 In the conventional manufac- 
ti* ing process, since a new step need not be added, an increase in cost derivvig from drawing of a pattern of protrusfon 
can be minimized. The seventeenth embodiment is an embocfiment in which a pattern of protrusions are drawn on the 
CF sut>strate 16 by utilizing the corTventional maruifacturing process. 

Figs. 173A and 1738 are diagrams showing the structure of the CF substrate of the 45th errtaiimerrt As shown 
in Fig, 173A, in the 45th embodiment the color fiter (CF) resins 39R and 39Q (and 398) are applied pixel by pixel to 
the CF sitetrate 16. Black matrices or an appropriate material such as a CF resin or any other flattening resin is used 
to define a pattem of protaisions 50A by tracing predetermined positions. fTO (transparent) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the black matrids is not restricted to any specific one. 
For forming protrusions, however, a certain thickness is needed. From this viewpoint the adoption of a resin is prefer- 
able. 

Fig. 173B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black matrices or an 
appropriate material such as a CF resin or any other flattening resin is used to draw a pattern of protrusions SOB by 
tradng predetermined positions on the CF substrate 16. Thereafter, the CF resins 39R and 39G are applied. Conse- 
quently, the CF resin drfining the pattern of protruswns gets thicker. The pattem of protrusions can now provide protru- 
sions as it is. The ITO (transparent) electrodes 12 are then formed. 

According to the structure of the 45th embodiment protrusions can be formed at any positions on the CF substrate. 

Fig. 174 is a diagram showing the structure of a panel of the 46th errbodiment In the 46th entxxJiment the pro- 
trusions 50 are formed on the perimeters of pixels on the CF substrate 16. thiat is. on seams between the CF resins 
39R. 39G. and 39B or on seams relative to Wack matrices 34, On the TFT substrate 1 7. the protnisions 20B are lomied 
at positions coincident with intermediate positions between the seams. For forming continuous protrusfons along one 
sides of the pixels opposed to the seams on the CF substrate 16. that is, for drawing a pattern of linear protrusions, a 
pattern of Bnear protrusions is drawn parallel to the pattem of protrusions by tracing positions near the centers of the 
pixels on the TFT substrate. Moreover, when continuous protnjsions are formed along an sides of the seams between 
the pixels on the CF substrate 16. the pattern shown in Rgs. 80A to 81 is drawn. On the TFT substrate 17. pyramidal 
protrusions are formed near the cerrters of the pixels. 

The structure of the panel of tfie 46th entiodiment can be adapted to various forms. An example of the structure of 
the CF substrate of the 46th embodiment will be deserved below. 

Fig. 175A to 180B are diagrams showing examples of the structure of the CF substrate of the 46th embodiment. 
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Fig. 175A shows a structure in which the black matrix (BM) 34 is interposed between each pair of the CF resins 39R 
and 39G. The black matrices 34 are formed thicker than the CF resins, and the ITO electrodes 12 are formed on the 
Wack matrices 34. The black nnatrices 34 become protrusions. Even in this case, the black matrices 34 should prefera- 
bly be made of a resin or the like. 

In Fig. 1 758. the thin Wack matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 
ins 39R and 39G are applied to the black matrices, tnus forming color fiters. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The TO electrodes 12 are formed on the protrusions. 

In Fig. 1 76 A, the thin Wack matrices made of a metal or the like are formed on the CF substrate 12. The CF resins 
39R and 39G are appfied to the sU)strate. thus forming color fitters. A resin other than the CF resin, for example, a resin 
used as a flattening material is used to form protrusions 71 without the use of tfie Wack matrices 34. The ITO electrodes 
12 are then fonmed on the protrusions. In this case, like the structure shown in Fig. 175A, the flattening material is 
applied thicker than the CF resin. 

In Rg 1 76B, a resin or the like is used to form the Wack matrices 34. of which thickness is the same as the thickness 
of protrusions, on the CF substrate 1 2. The CF resins 39R and 39G are applied so that they wiU overlap the Wack matri- 
ces 34. thus forming cokx filters. Thereafter, the ITO electrodes 12 are fanned. The portions of the CF resms overlap- 
ping the black matrices 34 serve as protrusions. 

In Fig. 1 77A. the thin Wack matrces 34 made of a metal or the like are formed on the CF substrate 12. and the CF 
resin 39R is then applied to the substrate. Thereafter, the CF resin 39G is applied to overlap the CF resin 39R. and the 
ITO electrodes 1 2 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve as protn^ns. At 
the positions of the protnsior^. the Wack matrices 34 are included for not aflowing passage of fight Either of the color 
filter resins may overlap the other color fitter resia According to this structire. protrusions can be formed at the step of 
fornvng ookx fitters. The nuvbec of steps will therefore not inaease. 

In Fig. 177B. a flattening material 71 is applied to overlap parts of the CF resins 39R and 39Q on the same sub- 
strate as the one shown in Rg. 1 76A. Portk)ns oi the flattening material 71 overlapping the CF resins serve as protru- 
sions. Owing to this structure, the flattening material 71 can be made as thin as the height of protruswns. 

The aforesakl structures are structures in which TO electrodes are formed on protrusions and electrodes have the 
protrusions. Next, an exanple of a structure in whch an insulating material is used to form protrusions on the TO elec- 
trodes will be descried. 

In Rg. 178. after cotor faters are formed on the CF substrate 16 by applying the CF resins 39R and 39G. the TO 
electrodes 12 are formed. The Wack matrices 34 are then placed in order to form protrusfons. Even in this case, the 
nunrt>er of steps wifl rKt increase. 

In Fig, 1 79A. after the thin Wack matrices 34 are fonmed on the CF substrate 1 6. the TO electrodes 12 are farmed. 
Color faters are then formed by applying the CF resins 39R and 39G. At this time, the CF resin 39Q is appEed to overlap 
the CF resin 39R, thus forming protrusions. Even in this case, the nunnber of steps wiO not increase. 

In Rg. 1 79B. after the thin Wack matrices 34 are formed on the CF substrate 1 6, cotor filters are formed by applying 
the CF resins 39R and 39G. The TO electrodes 12 are then fonned The flattening material 71 is then used to form 
protrusions. 

In Rg. 1 BOA. after the TO electrodes 12 are fomned on the CF substrate 1 6. color filters are formed by applying the 
CF resins 39R and 39G. The black matrices 34 are then placed on the odor f fters. thus forming protrusions. 

In Rg. 180B. after the thffi Wack matrices 34 are formed on the CF substrate 16. cotor faters are formed by applying 
the CF resins 39R and 39a A flattening material 72 is used to flatten the suriace. The TO electrodes 12 are then 
formed on the surface and the Wack matrices 34 are further formed, whereby protrusions are realized. 

Rgs. 181 A to 181G are diagrams iPustrating the steps for producing the cotor f ater (CF) substrate according to a 
47th embodiment The CF substrate has a protruston as a domain regulatirig means. 

Referring to Fig. 181 A, a glass substrate 16 is prepared. Then, as shown in F»g. 181B. a resin (reski B. CB-7001, 
manufactured by Fuji Hanto Co.) 39B' for negative-type flue filter is applied onto the glass substrate 16 maintaining a 
thickness of 1.3 jmi- Then, as shown in Fig. 181 C. the resin B is formed on the porttons of the btoe (B) pixel. BMportton 
and protrusion 20A by the photolithography method using a photomask 370 as showa Next referring to Rg. 181 D. a 
resin (resin R. CR-7001 . manirfactured by Fu^ Hanto Ca) 39R' tor red filter is appfied to fomi the resin R on the potions 
of the red (R) pixel. BM portion and protruston 20A by the photolfthogre^ method. Refening to Rg, 181 E. a resin 
(resin G. CG-7001 . manirfactured by Fuji Hanto Ca) 39G' tor green filter is applied to form the resin G on the portions 
of the green (G) pixel. BM portion and protrusion 20A by the photolithography method. Through the above-menttoned 
steps, corresponding color f ater (CF) layers are fonmed in one layer only on the pixel portions B. G and R. and the resins 
B. G and R are formed in three layers being superposed one upon the other on the BM portion and on the protruston 
20A- The portions where tie resins B. G and R are superposed in three layers are Wack portions without almost per- 
mitting tfie passage of light 

Next a transparent flattening resin (HP-1009 manufactured by Hitachi Kasei Ca) is appUed by a spin coater main- 
taining a thickness of about 1 .5 jim. post-baked in an oven heated at 230*C for one hour, and an TO film is formed by 
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mask-sputtering. Referring next to Fig. 1 81 F. a Wack positive-type resist (CFPR-BKP manutactured by Tokyo Ohka Co.) 
is applied by the spin coater maintaining a thrckness of about 1.0 to 1 .5 ji, pre-baked. and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1000 mJ/cm^ from the back surface of the glass substrate 16 through 
the CF resin. The portions where the resins B. G and R are superposed in three layers pern^ ultraviolet rays to transmit 
through less than through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 and the protrusion 20A are formed that were not exposed to light, and 
are post-baked in an oven heated at 230*'C for one hour, fwloreover, a vertical afignmerrt film 22 is formed to comijlete 
the CF sutjstrate. 

Fig. 182 is a sectional view of a liquid crystal panel corrpleted by sticking the CF substrate 16 prepared as 
described above and a TFT substrate 17 together. In the TFT substrate 17. a slit 21 is formed as a domain regulatirig 
means in the pixel electrode 13. and a vertical alignment film 22 is formed thereon. Refererx» rmmeral 40 denotes a 
gale protection film and a chanriel protectwn f im. On the portions where the fight nrxist be shieWed, the BM 34 and the 
resins of the three layers B. G and R are superposed one upon the other to tavoraWy shield the fight The protrusion 
20A of the CF substrate 16 and the slit 21 the TFT substrate 1 7 divide the orientation of liquid crystals making it pos- 
sible to obtain good viewing angile characteristws and high operation speed. 

According to the 47th en*odiment as desatoed above, the protriision 20A which is the domain regulating means 
and the BM 34 are formed on the CF substrate without the need of exposure to fight through a pattem. but by patterning 
by exposure to light from the back surface, making it possible to simplify the steps for fbmiing the protrusion 20A and 
the BM 34, to tower the cost and to increase the yiekJ. 

In the 47th embodiment the pigment scatter method is enptoyed fcx forming the CR TKs can be simBarly adapted 
even to the dying method arxi to the case where a non^hotosensitive resist formed by dispersing a pigment in the pdy- 
imide is to be formed by etching. According to the 47lh ennbodiment the CF resins are siperpo&ed in tf¥ee layers on 
the portions of the protrusfon 20A and BM 34. These resins, however, may be stperposed in two layers provided the 
wavelength of the irradiation light and the irradiation energy are suitably selected at the time of exposure through the 
back surface 

In the 47th embodiment the BM and the protrusfon which is the domain regulating means are formed on the CF 
sutjstrate without patterning. However, the fifth embodiment can be also adapted even to the case where the BM only 
is formed without forming protrusion, as a matter of course. A 48th embodiment deals with a case where the BM is 
formed but forming the protrusfon by a method cifferent from that of the 47th embodiment 

Rgs. 1 83A and 1 83B are diagrams Ulustrating a step of producing the CF siijstrate acconfing to the 48th embodi- 
ment, and Figs. 1 84A and 1 84B are diagrams ikistrating a panel structure according to the 48tti embocfiment 

In the 48th errtxxiiment no CF resin is superposed on a portion coae^ndmg to the protrusion but the CF resin 
is superposed on a portion corresponding to the BM only to form a BM protrusfon 381 . Next without effecting the «at- 
tening. an TO filin12 is fonned as shown in Fig, 183A. and the above-nrjentioned Wack positive-type resist 380 is 
appGed thereon maintaining a predetermined thkAness. tor example, about 2.0 jim to 2.5 jim. Then, the devetoping is 
effected by exposure to light from ttie back surface to obtain a panel having a BM resist 380 superposed on the BM pro- 
trusion 381 as shown in Fig. 183a The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT sUjstrate are stuck together to prepare a panel shown in Fig. 1 84A. Fig. 1 84B is a 
view iDustrating. on an enlarged scale. A drcufar portion of a dotted fine of Fig. 184A. and in whfch the BM resist 380 is 
in contact with the TFT siijstrate 1 7. and the cf stance between the substrates is d^med by both the BM protrusion 381 
and the BM resist 380. That is, the BM protrusfon 381 and the BM resist 380 work as a spacer 

According to the 4Sth embocfiment as descnbed above, there is no need to pattem the BM sinplrfying the steps, 
and the BM works as a spacer efimratfog the need of providing the spacer. In the 48th emboAnenl. the positive-type 
r^st was used to form the BM by exposure to fight through the back surface without effecting the patterning. However, 
either the negative-type resist or the positive-type resist can be used provided it can be patterned by the photoTrthogra- 
phy method. The resist which is not of a black cotor can be used for forming protrusion which works as a domain regu- 
lating moans, or can be used as a spacer in compliarKe with the 47th embocfiment. 

Next described below is a case where the protrusfon 341 on which the CF resin is stperposed in the 48th en*od- 
iment s directly used as the BM. 

Figs. 185A to 185C are dagrams for iliuslrating ttie steps for producing the CF substrate according to a 49th 
embodiment, and Fig. 186 is a diagram Iflustrating a panel structure according to the 49th entxxliment 

RefeaingtoFtg. 185A. the CF resin is superposed in three foyers ontheBM to fomn a protrusion 381 which pennits 
light to pass through very little- Referring next to Rg. 1 85B, the above^nentioned transparent flattening resin is applied 
by a spin coater maintaining a thkioiess of about 1.5 ym, post-baked at 230»C for one hour and. then, an TO film 12 
is formed. Then, in Fig. 185C. a positive-type resist (SC-181 1 manufactured by Shpley Far East Ca) is appCed main- 
taining a thickness of about 1.0 to 1.5 \im), pre-baked. and a protrusfon 20 A is formed by the photolithography method. 
The protrusion 381 formed by siperposing the CF resins B. G and R in three layers does not alrrxjst permit light to pass 
through and works as the BM. The thus completed CF substrate 16 arxJ the TFT substrate 17 are stuck together via a 
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spacer 45 to obtain a panel as shown in Fig. 186. 

The 47th to 49lh efTtxxjirnents have dealt with the cases where the BM was formed by superposing the CF resins 
The liquid crystal display device of the VA system holding the negative-type liquid crystals, is normally black, and the 
non-pixel portions to where no voltage is applied do not almost permit light to pass through. Therefore, the BM for 
shielding light for the non-plxei portions may have a light transmission factor which is not acceptable in the case of the 
normally white device That is. the BM may have a light transmission factor which is low to some extent. An 50th eirtjod- 
iment is to easily produce the CF substrate by giving attention to this pant and uses a CF resin or. concretely speaking, 
uses the resin B as the BM. This does not develop any problem from the standpoint of quality of display 

Fig. 1 87 is a diagram HJustrating a step lor producing the CF substrate according to the 50th entoJiment. and Rgs, 
1 88A and 1 88B are diagrams Sustrating the panel structure according to the 50th embodmenL 

Referring to Fig. 187, the CF resins R. G (CR-7001. CG-7001. manutactured by Fiqi Hanto Co.) of two colors are 
formed on the glass substrate 16. and the negative-type photosensitive resin B (CB-7001 manutactured by Fuqi Hanto 
Co.) is applied thereon by using a spin coaler a a roll coater and is pre-baked. Then, the glass substrate 1 6 is exposed 
to ultraviolet rays of a wavelength of 365 nm in a dosage of 300 mJ/cm^ from the back surface thereof, developed by 
using an alkali developing sohrfon (CO manufactured by Fuji Hanto Co.). and is post^»ked in an oven heated at 230«'C 
for one hour. Thereafter, an PTD fBm is fonned and. then, a vertical alignment film is formed. That is. the resin B is 
formed on the portions other than the portions where the CF resins R and G are formed. The CF resins are not formed 
on the portions where the light must be shieWed by forming the BM; i.e.. the resin B is formed on the portions where 
the light must be shielded. 

Referring to Fig. 188A. the resin 6 39B is formed as BM on the portions of bus lines 31, 32 and on the portions of 
TFTs where the light must be shielded. Bg. 168B is a diagram illustrating, on an enlarged scale, a circular portwn of a 
dotted Ene of Fig. 188A. As shown, a high rwmerical aperture can be obtained by selecting the width of the fight-shiekJ- 
rng portion (resin B) 382 of me side of the CF indicated by an arrow to be equal to the widths of the bus fines 31^ 
the TFT substrate 17 to which a margin ® is added at the time of sticking the two pieces of substrates together! 

In the 50th embodmem. the resin B is fonmed last since the transmission factors of the g-. h- and i-rays of photo- 
sensitive wavelengths are resin B > resin R > resin a When the CF resin having a high exposure sensitivity (wNch may 
be exposed to a small amount of light) and the CF resin whkrfi pennits photosensitizing wavelength to pass throu^ at 
a large rate, are fomied last, the resin of a cotor formed last remains littie on the resins that have been formed already 
which is desirable. 

In general, rt is effective if the first color is that of a resin (generally B > R > G in the transmission light) wHch makes 
it easy to discriminate the position alignment mark of an exposure device, and if the altgnmort mark is formed together 
with the pixel pattern. 

Rg. 192 is a diagram aiustiating the stojctiffe of the CF substrate according to a 51th embodiment In the conven- 
tional liquid crystal display devk»; the BM 34 of metal film is formed on the glass substrate 16. the CF resin is formed 
thereoa and the ITO film is fiJther fonned thereon. According to the ninth embodiment on the other hand, the 6M is 
formed on the ITO f iint 

In the 51th embodiment the CF resin 39 is formed by patterning cm the glass substrate 16 like ff) the entxtdiments 
descrtoed above. As rec^red, a transparent flattening member may be applied thereon. Next, a transparent TO film 1 2 
is formed, and a light-shielcfing fBm 383 is formed on a cfiagramed portion thereon. For exanple, the TO fflm 12 is , 
formed by sputtering maintaining a tNckness of about 0.1 ^rni via a mask, and chromium is grown thereon as a light- 
shieWing layer maintaining a thickness of about 0.1 jim. Furthermore, a resist is uniformly applied onto the light-shieW- 
ing layer maintaining a thickness of about 1 .5 pm by such a coating method as spin coating, and the Hght-sWeWing fBm 
is exposed to light throuj^ a pattern, devefoped. etched, and is peeled, thereby to fbrni the fight-shielding fSm 383. The 
hght-shietdlng film 383 is composed of chromium and is electrkafiy conductkig. has a large contact area relative to the 
ITO fam 12 and makes it possfcle to tower the resistance of the ITO f flm 12 over the whole substrate. The TO film 12 
and the light-shieWing film 383 may be farmed by any method. According to the conventional method, the TO film 12 
IS formed, and the substrate is annealed and is washed to form the ctvon^um film. A 

the ITO film 1 2 and the chromiun film are continuously formed in an apparatus, making it possWe to decrease the step 
of washing and. hence, to simpfify the steps. Therefore, no film-forming devfoe is required, and the apparatus is realized 
in a small size. 

Figs. 190A and 190B are cfiagrams illustrating a modified example of the CF substrate of the 51th embodbnent. In 
ng. 190A. the three CF resins are formed, another resin 384 is fomied in a groove in the boundary of the CF resins 
and the TO film 12 and the light-shiekfing fBm 383 are formed. In Rg. 190B. the two CF resins 39R and 39G are formed 
like in the eighth embocfimeni explained with reference to Rg. 187. Then, the resin B is appfied maintaining a thkiaiess 
of about 1 .5 Jim. and the sUjstrate is exposed to light from the back surface thereof and is developed to fonn a flat sur- 
face. Then, the TO film 12 and the light-shidcfing fBm 383 are formed thereon. Since the surfaces of the CF layers are 
flat the TO film is not cut and the resistance of the TO film 12 can be lowered over the whole siijstrate. 

When a colored resin having a low reflection factor is used as the resin 384 or 39B under the light-shielding film 



49 



Copied trom 10/Zbll/ on Ob-O^-ZOO^ 



EP 0 884 626 A2 



383. the light-shielding portion exhibits a decreased reflection factor, and light falling on the liquid crystal display d&nce 
from the outer side is less reflected. Furthermore, when a colored resin having a small transmission tactor is used as 
the resin 384 or 398 under the light-shielding film 383. the light-shielding portion exhibits a decreased transmission fac- 
tor, enabling the contrast of the Bquid aystal display device to be enhanced. 

In the structure of Fig. 190B. furthermore, the CF resin 34B is formed requiring no patterning. Therefore, there is 
no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the fadlrtics can be decreased and the cost can be decreased, too. 

Fig. 191 is a diagram aiustrating a modified example of the 51st embodiment. Spacer tar controlling the thickness 
of the liquid crystal layer are mixed in advance in the resist that is to be appfied onto the fight- shielding film. After the 
resist is patterned, therefore, the spacers 45 are formed on the light -shielding f im that is formed in any shape. TWs elim- 
inates the step tor dispersir^ the spacers. 

Ftg. 192 is a diagram iflusfrating a CF substrate according to a 52rd embodiment Accordng to this embodiment, a 
chromium Urn is formed on the ITO film 1 2 and a resist is applied thereon. At the time when the Bghl-shieWing film 383 
is to be pattenned and exposed to light, the protrusion that works as a domain regulating means is patterned simulta- 
neously therewith. After developing and etching, the resist is not peeled off but is afiowed to stay. Thus, an insulating 
protrusion 387 that works as a domain regidating means is formed on the CF substrate 16. By using such a CP sub- 
strate, there is realized a panel of a structure shown in Fig. 193. 

As described in the 47lh embodiment. CF films are formed on a CF substrate, the CF substrate is coated with flat- 
ting resin such as acrylic resin so that the surface of the substrate becomes flat, and an electrode of an ITO film is 
formed thereon. In some cases, the surface flatting step is omitted in order to sinplify the process. The CF substrate to 
which the surface flatting step is not performed is caDed a CF substrate with no top-coat The CF substrate whh no top- 
coat has grooves formed between respective CF films. The TO film is formed with a sputtering pn)cesa Wh^ the TO 
film is formed is formed on the CF siA)strate with no top^t it occurs a problem that the TO layw is ri^d on flat sur- 
faces Ixjt it is coarse at the grooves because the sputtering process has anisotropy. 

Therefore, when material of vertical afignment film is coated or printed, solvent included in the material infftrates 
into the CF films through the grooves after the coating or printing to a precuring process. The infiltrated solvent remains 
inside the CF layers after the precuring process completed. The solvent remained inside the CF fBms generates cra- 
ters on the surfaces of the vertk»I alignment film. The craters cause display unevennesses. According to the 51th 
embodiment, the Bght-shiettng flm provided at the grooves can prevents the infatration of solvent In a 52th embodi- 
ment, resin provided at the grooves between respective CF f 3ms are used as protrusions. 

Figs. 251 A to 251D are diagrams showing a production process of a CF substrate of the S2!h entefiment. Fig. 
251 A shows a CF substrate with no top-coat The CF films 39R. 39G and 39B are formed, the fight-shielding fSms 34 
are formed under the boundaries of the respective CF films, and the TO f Bm is formed the CF fibns. As shown in Fig, 
2518. a positive resist is coated. As shown tn Fig. 251C. the positive resist is irracfiated with ultravfolet fight from a sur- 
tace of the glass sUjstrate. and it is devetoped. Then, protrusions 390 are formed at positions corresponding to the 
light-shiekJing films 34. The protrusions 390 prevent the infiltration of solvent Further, the protrusions 390 operate as 
the protrusions 20A of the CF substrate. 

The structures of a liqiid crystal display in accordance with the present invention have been described so far 
Examples of applications of the Bquid aystal display will be described betow. ' ' 

Fig. 194 shows an example of a product employing the fiquid aystal d'epiay in accordance with the present inven- 
tion, and F»g. 195 is a diagram showing the stajcture of the product- As shown in Rg. 195. a liquid-crystal panel 100 
has a display surface 1 1 1 . and makes ft possWe to view a displayed image not only from the front side but also from 
any oblique cfirection defined by a large angle while offering an excellent viewing angle characteristic, a Ngh contrast, 
and good quality but not causing gray-scale reversal. On the back side of the Bquid cry^ panel 100, there are a light 
source 114 and a fight box 113 for converting aiumination light emanating from the light source 114 to light capable of 
illuminating the liquid-crystal par>el 100 uniformly. 

As shown in Fig. 194. adisplay saeen 110 of this product is turnaWe and the product is therefore usable as either 
a sideways display or lengthwise display according to a purpose of usa A SMvitch for use in detecting a tilt by 45* is 
therefore included. By detecting the state of the switch, swrtching is carried out to select whether display is carried out 
for the sideways display or far the lengthwise display. For this switching, a mechanism for changkig a tfrection, in whicJi 
display data is read from a frame memory for image display, by 90** is needed. The relevant technotogy is w^l-known 
The desCTiption of the technology will be omitted. 

An advantage provided when the Bquid crystal display in accordance with the present invention is adapted to the 
above product will be described. Since a conventional liquid aystal display permits only a small viewing angle, when a 
large display saeen is adopted, there arises a problem that a viewing angle relative to a marginal part of the saeen 
gets so large that the marginal part becomes hard to see. However, a liquid aystal display m which the f^esent inven- 
tion IS implemented makes it possble to view a high<ontrast image even at a large viewing angle without occurence 
of gray-scale reversal. In the product shown in Fig. 1 94. a viewing angle relative to a tonger marginal part of the dsplay 
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screen becomes large, tt has therefore been impossible to adapt a liquid aystal display to this kind of product. The liq- 
uid crystal display of the present invention permitting a large viewing angle can be adapted to the product 

The aforesaid embocfiments provide liquid crystal displays in each of which the orientation of a liquid crystal is 
divided for dividing each domain of the liquid crystal mainly irrto four regions whose azimuths are nxrtualiy different in 
irKrements of 90°. and liquid crystal displays in each of which the orientation of a liquid crystal is divided for dividing 
each domain of the liquid crystal mainly into two regions whose azimuths are mutually different in increments of 9(r. 
This point will be discussed in relation to applications of the present invention. When the orientation of a liquid crystal 
is divided for dividing each domain of the liquid crystal into four regions whose azimuths are mutually different in incre- 
ments of 90*. a good viewing angle characteristic can be exhibited in almost ail directions. To whichever directions the 
orientation is set. no proUem occurs in particular For example, when the pattern of protrusions shown in Rg, 54 is 
arranged as shown in Rg. 1 96A relative to a saeen. a viewving angle at which display appears well is 80° or more both 
in lateral and vertical (firections. Even after the screen is turned and the pattern of protrusions is arranged as illustrated 
on the right side of Rg. 196A, no problem occurs in particular. 

By contrast, when the onentation of a Bquid crystal is divided for dividing each domain thereof into two regions 
whose azinxjths are mutually different by 180°. the viewing angle characteristic will be irrproved relative to the direc- 
tions into which the orientation is divided but wfll not be improved very much relative to directions different from the 
directions by 90°. When a nearly equal viewing angle characteristic is requested to be exhibited in both lateral and ver- 
tical directions, a pattern of protrusions should preferably be, as shown in Rg. 196B. run in an oblique direction in a 
screen. 

Next a process of manufacturing a liquid crystal display in accordance with the present invention will be descrBaed. 
In general, the process of marxifacturing a liquid crystal panel comprises, as descrtoed in Ra 197. a step 501 of clean- 
ing substrates, a step 502 of kxming gate electrodes, a step 503 of forming an operating layer by applying a continuous 
film, a step 504 of separating devices, a step 505 of applying a protective fam. a step 506 of farming pixel electrodes, 
and a step 508 of assembang components which are carried out in that ader. For fomiing insuJating protrusions, the 
step 506 of forming pixel elements is succeeded by a step 507 of forrrtng protrusions. 

As shown \n Rg. 198. the protrusion forming step comprises a step 51 1 of applying a resist, a step of pre-baWng 
the applied resist, a step 513 of exposing a pattern of protrusions so as to leave the positions of the protrusions intact, 
a step 51 4 of performing devetopment so as to remove portions other than the protrusions, and a step 515 of post-bak- 
ing the remaintfig protrusions. As descrtoed above, at the subsequent step of applying an alignment f ilm, there is a pos- 
stoility that the resist may react upon the alignment f flm. At the post-baking step 515. baking shouW therefore be carried 
out at a high temperature of a certain level. During the baking, if protnsions are curved to have a cylindrical sectwn, 
the stability of alignment will increase. 

Even when dents are formed as a domain regulating means, neariy the same process as the foregoing one is 
adopted. However, when electrodes are slitled. a pattern having sfitted pixel electrodes should merely be created at the 
pixel electrode forming step 506 in Rg. 1 97. Ihe protrusion fcmning step 507 becomes unnecessary. 

What is descrtoed in Fig. 198 is an exanple of drawing a pattern of protrusions using a photosensitive resist The 
pattern of protrusions may be printed. Rg. 199 is a diagram showing a technique of drawing a pattern of protrusions by 
performing letterpress priming. As shown in Rg. 199, a pattern of protojsions is drawn on a ftexiale relief plate 604 
made of an APR resin. The reief plate is in turn fixed to the surface of a large roller 603 refeaed to as a plate cyt»xler. 
The plate cyfinder is rotated while being interiocked with an anilox roller 605. a doctor roller 606. and a printing stage 
602. A polyimide resin solution used to form protrusions is dropped onto the anilox roller 605 by a dispenser 607. and 
spread by the doctor roller 606 to be developed uniformly over the artlox rofler 605. The developed resin solution is 
transferred to the relief plate 604. The solution transfen-ed to the raised portion of the relief plate 604 is transferred to a 
substrate 609 on the printing stage 602. Thereafter, baking or the Kke is carried out Various techniques of drawing a 
microscopk; pattern by printing have been employed in practice. If a pattern of protrusfons can be drawn using any of 
the techniques, the pattern of protrusions can be drawn at low cost 

Next irijection of a liquid crystal into a liquid-aystal panel to be performed after xjpper and tower substrates are 
bonded will be desabed. As descrft)ed in conjunctfon with Rgs. 18A and 188. at the step of asseat3lffig components 
to produce a liquid-crystal panel, after a CF substrate and TFT substrates are bonded, a liquid crystal is injected. A VA 
type TFT LCD has cells whose thickness is small. K takes much tone to inject a liquid crystal. Since protrusions are 
formed, it takes much more time to inject the liquid crystal. It is tfierefore requested to shorten the time required for 
injecting the liquid crystal as much as possible. 

Rg. 200 is a diayam showing the configuration of a liquid^rystal injection apparatus. The details of the apparatus 
will be omitted. An injection connector 615 is attached to a liquid-crystal injection port of a fiquid^rystal panel 100. and 
a nquid crystal is suppfied from a Ik^uid-crystal defoamer and pressurizer tank 614. Concurrently, an exhaust connector 
61 8 is connected to a liquid^yystal exhaust port and the pressure in the liquid-aystal panel 1 00 is reduced using a vac- 
uum pump 620 for deaeration so that a liquid crystal can be injected readily. A liquid wystal exhausted through the 
exhaust port is separated from an air by a liquid-crystal ti-ap 619. 
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In the first embodiment as shown in Figs. 18A and 18B. the protrusions 20 are linear and running in a direction 
parallei to the long side of the panel 100. The liquid crystal injection port 102 is formed on a short side of the panel ver- 
tical to the protrusions 20. while the exhaust ports 103 are fomied on the other short side thereof opposite to the side 
on which the injection pom 02 is formed. Ukewise. as shown in Figs. 201 A and 201 B, when the protrusions 20 are lin- 
ear and running in a direaicr. parallel to the short side of the panel 100. preferably, the liquid -crystal injection port 102 
is formed on one long side of the panel vertical to the protrusions 20. and the exhaust ports 103 are formed on the other 
long side thereof opposite to the long side on which the injection port 102 is formed. Moreover, as shown in Rgs. 202A 
and 202B. when the protrusions 20 are zigzagged, the liquid-crystal ir^ection port 102 is preferably formed on a side of 
the panel vertical to a direction in wvhich the protrusions 20 are extending. As shown in Rgs. 203A and 203A. the 
exhaust ports 103 are prrferably formed on a side of the panel opposite to the side on which the injection port 102 is 
formed. 

During injection of a liqiid crystal, foams may be mixed in the liquid crystal. Once foams are rnxed in a liquid ays- 
tal. imperfect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are errployed. when 
no voltage is applied, black dfepiay appears. Even if foams are mixed in the liquid aystal. black display appears in areas 
coincident with the foams. The mixing of foams cannot therefore be discovered in this state. A voltage is applied to elec- 
trodes so that white display wffl appear. When black display does not appear in any area, it is confirmed that no foam 
has mixed in the liquid crystal. However, since there is no electrode near the liquid-crystal injection port, even if foams 
are mixed in a portion of the iquid crystal near the liquid-aystal injection port, the foams cannot be discovered. If foams 
are present in this portion of the liquid crystal, there is a fear that the foams win be dispersed to deteriorate display qual- 
ity. Even the foams near the injection port must therefore be discovered. In a liquid crystal display of the present inven- 
tion, therefore, as shown in fig. 207. an electrode 120 is formed near an injection port 101 outside a display area 121 
and the Wack matrices 34 so that mixing of foams in this portion of a liquid aystal can be detected 

As explained above, the VA system liquid crystal cfisplay device using the domain regulating means such as the 
protrusion and the recess, the slit etc. does not require the rubbing treatment Therefore, contamination in the manu- 
factunng process can be drasticafly reduced, and a part of the washing process can be on^tled. However, the negative 
type (n type) Gqtid aystal used has lower contanwiation resistance to organic materials, particuiarfy to polyurethane 
resm and the sWn. than the positive type ^qjki crystal that is ordinarfly used, and involves the problem that display 
defect occurs. This display defect presumably results from the drop, of the specific resistance of the contaminated fwuid 
crystal. ^ 

Therefore. examinatiof« are first made as to which size of the polyurethane resin and the sWn causes this display 
defect Rgs. 205A to 205C show the VA system liquid crystal panel. After the vertical afignmen! film is formed on the 
two substrates 16 and 17. se^ polyurethane resins having a size of about 10 pm are put on one of the substrates 
After the spacers 45 are fom>ed on one of the substrates and the seal material 1 01 . on the other, the siiKtrates are 
bonded to each other, and the panel is manufactured by charging the fiquid crystal. As a result it is found out thai the 
polyurethane resin 700 expands to an area of 1 5 Mm st^e by heat and by the formation of the ce^ 
and the display defect due to contamination of the liquid crystal is recognized within the range of 0.5 to 2 rmi with the 
polyurethane resin 700 as the center. 

Rg. 206 shows the result of the investigation of the contamination area of the liquid crystal by changing the size of 
the polyurethane resin 700. Assuming that no problem occurs when the display has a size of not greater than 0.3 mm 
square on the panel, the size of the polyurethane resin must be not greater than 5 nm. This also holds true of the sWn 

As desatoed above, the polyurethane resin and the sWn tower the specific resistance of the Dquid aystat thereby 
inviting the dispiay defect Therefore, the relationship between the mixing quantity of the polyurethane resin and the 
drop of the spectf ic resistance is examined. Rg. 207 shows the calculation result of frequency dependence of an equiv- 
alent circuit of the fiquid aystaJ pixel shown in Rg. 208 by assuming the gate-on stala This graph shows the change of 
the effective voltage to the frequency when theresistance is 9. 1 x 10^ 9.1 x 10^**. 9.1 x 10^ ^ and 9.1 x 10^^ ^^^^ 
alent drcuit of the liquid crystal pixd. H can be appreciated from the graph that the drop of the resistance value of the 
liquid crystal causes the drop of the effective voltage. It can be appreciated further that abnormal cfisplay occurc at the 
drop of the specific resistance of at least 3 digits witNn the frequency range of 1 to 60 Hz that is associated with the 
practical display 

Figs. 2CW and 209 are graphs showing within which time the charge once stored is discharged when the resistance 
IS 9.1 X 10 . 9.1 X 10^^ and 9.1 x 10^^ respectively, by assuming the state where the liquid crystal pixel holds the 
charge. For reference, an example of the case where only the afignment film exists is shown, too. Because the align- 
nr>ent film has a large resistance and a large time constant, it hardly contrtoutes to discharge phenomenon. Rg 209 
shows in magnification the porlk)n below 0.2s in Rg. 208. It can be seen from this graph that when the liquid crystal 
resistance is lower by at least two digits, a black smear starts occun^ing at 60 Hz. 

It can be understood from the observation descrtoed above that the problem develops when the resistance drops 
by two to three digits due to the polyurethane resin and the skin. 

Next, after phenyl urelhane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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liquid cr/stal is thereafter left standing so as to measure the specific resistance of the supernatant. It is found out from 
the result that the specific resistance drops drastically when the mixing quantity of the poJyurethane resin is about 
1/1000 in terms of a nnclar ratio. 

it is concluded from the explanation described above that non-uniform display does not occur at the level at which 
the mixing quantity of the poJyurethane and the skin is not greater than 1/1000 in terms of the molar ratio. 

The embodiments of panels according to the present invention in which directions of alignment of liquid crystalline 
molecules are divided by the domain regulating means have been described so far. As already described, it is known 
that optical retardation film are available for improving the view angle performance. Next enixxliments regarding char- 
actenstics and arrangements of the retardation films wiU be described. The LCD panels of these errtxxliments have 
protrusions shown in Fig. 54. Namely, in the VA LCD panel, the directions of alignment of liquid crystalline molecules 
are divided into four areas in each pixel. 

Rg. 210 is a diagram showing a constitution of a prior art VA LCD. A space formed between two electroded 12. 13 
IS sealed with a liquid crystai material. Thus a liquid crystal panel is conpleled. As shown in Rg. 210. a first polarising 
plate 1 1 and a second polarizing plate 15 are ananged at both sides of the panel, in the VA LCD. vertical alignment 
films are fonmed on the electrodes and the liquid aystal has negative dielectric constant anisotoropy. The rubbing direc- 
tions of the two vertical alignment fHrns are different each other by 180 degrees. Further, the rubbing directions Ner- 
sects wrth the absorption axis of the polarizing plates. Nannely. the VA LVD panel is that shown in Figs. 7A to 7C Rg 
2 1 1 shows isocontrast curves. Rg. 2 1 2 shows viewing angle regions, in each of which gray-scale reversal occurs during 
an eighf-gray-scale level driving operation in such a casa From these results, contrasts at directions of 0«. 90«. 180* 
and 270* are low arxi the gray-scale reversal occurs in wide view-angle. 

Rg. 213 shows a constitution of a VA mode LCD device in which protrusion patterns as iUustrated tfi Ra 54 are 
formed. 

Rg- 214 shows isocontrast curves ki the case of the LCD device shown in Rg. 213. Further. Rg. 215 shows view- 
ing angle regions, in each of which grayscale reversal occurs during an eight-gray-scale-level driving operation in the 
case of such a fiquid crystal cfisplay device. These figures reveal that atthough the gray-scale reversal is inproved in the 
case of this device as conpared with the case of the conventional device of the VA (vertically afigned) type, the orprove- 
ment on the gray-scale reversal is insufficient and that the contrast is not inproved very much. 

AppTicant of the present application disclosed in Japanese Patent Application No. 8^1926/1996 and Japanese Pat- 
ent AppHcation Nos. 9-29455/1997 and 8-259872/1996. whose priority is based on the Japanese Patent Application No 
8-41 926/1 996 that the viewng angle characteristics of a BqUd crystal display device of the VA type, on which the align- 
ment division is perfbnned by niibing. are improved by providing an optical retardation film (namely, a phase difference 
film) therein. These Japanese Patent Appfications. however, do not refer to the cases of perfomting the alignm^ divi- 
sion by protrusions, depressions (or dents) or slits respectively provided in pixel electrodes. 

In the fbflowng. concfitions for further inproving the viewing angle characteristics of a liqtid aystal display device 
of the VA type, which is adapted to perform the alignment division in each pixel through the use of protrusions, depres- 
sions or slits provided in the pbcel electrodes, by providing an optical retardation film therein wiD be described. 

Rrst the optical retardation f flm used in the device of the present invention will be described hereir4>elow by refer- 
nng to Rg, 216. As illustrated in Rg. 216. let n, and ny designate dielectric constanles (or indces) respectively corre- 
sponcSng to inplane directions defined in a surface of the fdm. Further, let n, denote a dielectric constant in the direction 
of thickness thereof. The following relation among the dielectric constantes n^. ny and n^ holds in the phase difference * 
film to be used in the device of the present tfwention: n,. n^ ^ n^^. 

Incidentally, an (pticai retardation f am, in which the foflowing relation holds: 

^ ) "y = n,, 

has optically positive uniaxiality thereia Hereunder, such a phase difference fdm wiU be referred to sinply as a positive 
uniaxial lilm. Axis extendmg in a direction corresponding to a larger one of the dielectric constantes n^ and n. is referred 
to as a phase lag axis. In this case, n, > n^ Therefore, the axis extending in the x<ltrection is r^erred to J the phase 
lag axis. Let d designate the thickness of the film. When light passes through this positive uniaxial film, the foOowing 
phase difference (or optical retardation) R is caused in an inplane direction: R = (n ^ - n )d . Hereinafter, the "phase dif - 
ference caused by the positive uniaxial film" Wicates a phase difference caused in an irplane direction. 
Moreover, a phase differerx:e film, in which the following relation holds: 

^ = ^ > n,, 

has optically negative uniaxiality in the direction of a normal to the surtace thereof. Hereunder, ^such a phase difference 
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film will be referred to sinply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through this negative uniaxial film, the following phase drffererKe R is caused in the direction of the thickness thereof: 
R = ((n j( + n y)/2 - n 2)d , Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direction of the thickness thereof. 

Furthermore, a phase difference film, in which the following relation holds: n, ) ny ) n^, has (optical) biaxialrty. Here- 
under, such a phase difference film will be rieferred to simply as abiaxial film. In this case, ) ny. Therefore, the axis 
extending in the x-<firection is referred to as the phase tag axis. Let d designate the thickness of the film. When light 
passes through this positive uniaxial fflm. the following phase difference R is caused in an inplane direction: 
R = (n - n y)d (incidentafly. ) ny). Further, the phase differ ence R caused in the direction of the thickness thereof js 
predetermined by the folkxving equation: 

R = ((n,j+ny)/2-nJd. 

Fig. 21 7 is a diagram showing the constitution of a liquid crystal display device which is a 52th embodiment of the 
present invention. 

Color filter and a comnrwn electrode (namely, what is called a full-sufface covering electrode) are formed on the liq- 
uid-crystal-side surface of CF {CcAof RIter) substrate that is one of substrates 91 and 92. Further. TFT elements, bus 
lines and pixel electrodes are formed on the liquid-crystal-side surface of TFT sutstrate that is the other of the sul>- 
strates 91 and 92. 

Vertical alignment film is formed on the Bquid-aystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereio through transfer prirrtinQ. and by then bum the material at 180*C. Subsequently, a posi- 
tive photosensitive overcoating (or protecting) material is applied onto the vertical alignment film through spin coating. 
Then, a protrusion pattern shown in Fig. 54 is formed by performing prebaWng. exposure and pcstbaking. 

The substrates 91 and 92 are borxled together through a spacer having a diameter of 3.5 jim. Further, a space 
formed therebetween is sealed with a liquid aystal material having negative di^ectric constant anisotropy. Thus a liquid 
crystal panel is completed. 

As illustrated in Rg. 217. the liquid crystal display device, whwh is the 52th ennbodiment of the present invention, 
is constituted by placing a ftrst polarizing plate 1 1 , a f "ffst positive uniaxial film 94. two substrates 91 and 92. a second 
positive uniaxial f flm 94 and a second polarizing plate 15 therein in this ofder. Incidentally, the first and second uniaxial 
films 94 are placed so that the phase lag axis of the first positive iniaxial f am 94 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig. 21 8 shows iso-cortrast curves in the case that each of the phase differences Rq and R, respectively cone- 
spondng to the first and second positive uniaxial films 61 of the 52tti enrixxiiment is set at 110 nm. Ftrther, Fig. 219 
shows viewing angle regtorK, in each of which gray-scale inversion occurs during an eight-gray-scale-level driving oper- 
ation in such a case. As is apparent from the comparison with Figs. 214 and 215, a range, in vifhich Ngh contrast is 
obtained, is enlarged extensively, with the result that the gray-scale ro^ersal does not occur in the entire viewing angle 
region. Consequently, the viewing angle characteristics are considerably improved. 

.Incidentally, the viewing angle characteristics were studied by changing the retardation Rq and R, in various ways 
in the case of the constitution of F»g. 217. Process of studying the viewing angle was as follows. Rrst. while changing 
the phase differences Rq and R,. an angle at which the contrast (ratio) was 10. was found in each of an upper right 
direction (corresponding to an azimuth angle of 45* towards the right top), an upper left direction (conesponding to an 
azinurth angle of 135* towards the left top), a lower left direction (corresponcfir^ to an azinrHJth angle of 225* towvards 
the left bottom) and a lower right direction (conesponding to an azimuth angle of 315" towards the right bottom) with 
respect to the liquid crystal panel, as viewed in this figure. Fig. 220 is a contour graph showing each contour that con- 
nects points, each of which is represented by coordinates R© and R, thereof and conesponds to the found angle having 
a same value. Incidentally, the contour graphs respectively conesponding to tiie L|3per right (firectioa the i^jpef left 
Erection, the lower left direction and the lower Cfirection were the same with one another. It is considwed that this 
was because tour regions obtained by the alignment division were equivalent to one another as a result of using the 
protrusion pattern shown in Ftg. 54. 

In the case of Fig. 217, the angle, at which the contrast ratio is 10 in each of the Erections respectively conespond- 
ing to the azimuth angles 45'. 135*. 225" and 315*. is 39*. TWs reveals that the use of the optical retardation film is 
effective in the case of the combination of the coortfinates Rq and R, shown in Fig. 223. (nddentaDy, in the case illus- 
trated in Rg. 223. the angle, at which the contrast ratfo is 10, is not less ttian 39* when Rq and R, meet the following 
conditions or requirements: 

R, ^450nm-Ro. Rq -250nm5 R^ ^ Ro + 250 nm. O^Rp and O^R 
Additionally, the retardation An-d caused in a Ik^ aystal was changed witt^n a piratical. range. Moreover, the 
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twist angle was changed within a range of 0 to 90^ Similarly, the optimum conditions for Rq and R, were obtained. As 
a result, it was ascertained that the optimum conditions were the same as the afof ementioned requirements even in 
such cases. 

Fig. 22 1 is a diagram showing the constitution of a liquid crystal display device which is a 53rd embodiment of the 
present invention. This errixxliment is different from the 52nd embodiment in that two positive uniaxial fHms. namely, 
f irsi and second positive uniaxial films 94 are placed between the first polarizing plate 11 and the fiquid crystal panel! 
that the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
iag axis of the second positive uniaxial film adjoining the first poiarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig. 222 shows iso<»nUast curves in the case that the phase rffferences Rq arxJ R, respectively corresponding to 
the first and second positive uniaxial films 61 of the 52nd embodiment are set at 1 10 nm arxl 270 nm. respectively. Fur- 
ther. Fig. 223 shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale- 
level driving operation in such a case. As is obvious from the comparison with Figs. 2 1 4 and 2 1 5. a range, in which high 
contrast is obtained, is ©ilarged extensively. Moreover, the range, in which the gray-scale reversal occurs, is greatly 
reduced. Consequently, the viewing angle characteristics are considefably in^oved. 

Fig. 224 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences Rq and Ri of the first and second uniaxial films 94 in various ways in the case of the constitution of Fig. 221 . 
similarly as in the case of the 52th embodiment. The viewing angle characteristics shown in Rg. 224 are the same as 
of Rg. 220 and are illustrated by a contour graph showing angles, at which the contrast ratio is 10. in terms of coordi- 
nates Rq and Rv As is seen therefrom, the angle, at which the contrast ratio is 10. is not less than 39* when Rq and R^ 
meet the following concftions or requirements: 

2Ro-170nm< R, 5 2Ro + 280nm. 

Ri ^ -Ro/2 + 800nn\.O^RoandOiR,. 

Further, it was ascertained that the optimum conditions were the same as the aforementioned requirements even 
in the cases where, similarly, in the case of the 53th embodiment the retardation An • d caused in a Bquid crystal was 
changed within a practicaJ range and where, moreover, the twist angle was changed wHhin a range of 0 to 90**. 

Rg. 225 is a diagram showing the constitution of a liquid crystal <fisplay device which is a 54th entodiment of the 
present inverrtion. 

This errtxxliment is dfferent from the 52th embodimertt in that the first negative w^axial f Bm 95 is placed between 
the liquid crystal panel and the first polarizing plate 1 1 and that the second negative imiaxial film 95 is placed between 
the liquid crystal panel and tt>e second polarizing plate IS. 

Rg. 226 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences Rq and R, in various ways in the case of the constitution of Rg. 225. similarly as in the case of the 52th enixxJ- 
iment The viewing angle characteristics shown in Rg. 226 are the same as of Fig. 220 and are illustrated by a contour 
graph showing angles, at vvhich the contrast ratio is 10. in tenns of coordinates Rq and R,. As is seen therefrom, the 
angle, at which the contrast ratio is 10. is not less than 39" when Rq and R^ meet the following condition or requirement 

Rq + Ri ^SOOnm. 

Incidentally, similarly, in the case of the 54th enixxfiment the retardation An • d caused in a liquid crystal and the 
upper limit to the optintjm condition were stucfied by changing the retardation An • d witWn a practical range. Fig. 227 
illustrate results of this study. Let R^c denote An • d caused m the Equid crystal. Consequently, the optimum value in the 
optimun condition for a sum of the phase cfifferences respectively corresponding to the phase difference films is not 
nrwre than (1 .7xRlc + 50) nm. 

Further, although trts characteristic condition relates to the contrast (ratio), the optimum condition for the gray-scale 
reversal was similarly stuJied. Angles, at which gray-scale reversal occurs, were found by changing the phase differ- 
ences Rq and R^ 01 the cirection of tfie thickness of the first and second negative uniaxial films 95 in various manners 
in the constitution of Rg. 225. similarly as in the case of the contrast ratio. Rg. 228 shows contour graphs obtained from 
the found angles, which is illustrated by using the coordinates Rq and R^ Incidentally, the an^e. at which the gray-scale 
reversal occurs in the case illustrated in Fig. 215. is 52«. Thus, when the phase differences Rq and R, have values at 
which the angle enabling an occurrence of the gray-scale reversal is not less than 52« in the case iOustrated in Rg. 228. 
the phase difference film has an effect on the gray-scale reversal. In the case shown in Rg. 228. the angle, at which the 
contrast ratio is 10. is not less man 39*" when Rq and R, meet the following condition or requirement 

Rq + Ri ^345nm. 
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Then, in the case of the 54ih embodiment, the relation between An • d caused in a liquid crystal (display) cell and 
the upper limit to the optimum condition was studied by changing the retardation An • d within a practical range. Fig. 229 
illustrate results of this study. This reveals that the upper limit to the optinial condition is nearly constant independent of 
An • d caused in the liquid crystal cell and that the optimum condition tor a sum of the phase differences respectively 
con*esponding to the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is rtot less than 50**. Further, in view of the gray-scale 
reversal and An • d caused in the liquid crystal cell, it is preferable that a sum of the phase differences respectively cor- 
responding to the phase diflererjce films is na\ less than 30 nm Ixrt is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the twist angle in a range of 0 to 90', it is found 
that the optimum condition was the same as the aforementioned requirement. 

A 55th ennbodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
films 95 from the constitution of the liquid crystal display device of Fig. 225. which is the third errbodiment of the present 
invention. 

Fig. 230 shows iso-contrast curves in the case that the phase difference corresponcfing to one of the negative 
uniaxial films 95 of the 55th embodiment is set at 200 nm. Further. Ftg. 231 shows viewing angle regions, in each of 
which gray-scaie inversion occurs during an eighl-gray-scale-level driving operation in such a case As is obvious from 
the comparison with Figs. 214 and 215, a range, in which high contrast is obtained, is enlarged extensively. Moreover, 
the range, in which the gray-scale reversal occurs, is greatly reduced. Consequently, the viewnng angle characteristics 
are considerably inriroved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condi- 
tion tor the gray-scale reversal were studied. Results of this study reveal that it is sufficient to use a single negative 
uniaxial film having the phase difference caresponcfing to a sum of the phase differences of the negative uniaxial fSms 
of the 54th embodmenL 

Each of 56lh to 58th embocfiments of the present trvention uses the comtjtnation of positive and negative uniaxiaJ 
films. Atthough there are various kinds of nxxJif ications to the arrangement of such films, it has been foi^id that the con- 
stitutions of the fifth to severtfh embodiments have (advantageous) effects. 

Fig. 232 is a (fiagram showing the constitution of a Bquid crystal display device which is a 56th entxxlffnent of the 
present invention. 

The 56th embodiment differs from the 52th embodiment in Itmt a negative uniaxial film 95 is used and placed 
between the Bquid aystal panel and the first polarizing plate 1 1 instead of the first positive uniaxial film 94. 

F»g. 233 shows iso-contrasl curves in the case that the phase difference Rq in an inplane direction in the surface of 
the positive uniaxial f Bm 94 and the phase difference in the direction of thickness of the negative uniaxial fflm 95 are 
set at 150 nm in the 56lh entaftnent Further. Pig. 234 shows viewing angle regions, in each of which gray-scale inver- 
sion occurs di^ng an eigW-Qray-scale-level driving operation in such a case. As is obvious from the comparison with 
Rgs. 214 and 215, a range, in which high contrast is obtained, is enlarged extensively. Moreover, the range, in which 
the gray-scale reversal occus. is greatly reduced. Consequently, the viewing angle characteristics are considerably 
improved. 

In the case of the 56th embedment the optimal condition for the corrtrast was studied. Fig. 235 shows results of 
this study, which reveal that the optimum condition indicated by Fig. 235 was the same as illustrated in Rg. 220. 

Fig. 236 is a dagram shewing the constitution of a Bquid aystal display device which is a 57th errtKXfmf^ent of the 
present invention. This embodiment is different from the 52th en*>odiment in that a positive uniaxial films 61 are placed 
between the Dqiid crystal panel and the first polarizing ptate 11 and that a negative uniaxial film 95 is placed between 
this positive uniaxial film 94 and the first polarizing plate 1 1 . The positive uniaxial film 94 is placed in sudi a imnner that 
the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 1 1 at right angles. 

Fig. 237 shows iso-contrast curves in the case that the phase difference Rq in an irplane direction in the surface of 
the positive uniaxial film 61 and the phase differerice R^ in the direction of thickness of the negative uniaxial fflm 62 are 
set at 50 nm and 150 nm in the 57th embodiment, respectively. Further. Fig. 238 shows viewing angle regions, in each 
of which gray-scale inversion occurs during an eight-^y-scale-level driving operation in such a casa As is obvious 
from the comparison with Figs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. IVIore- 
over. the range, in which the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle character- 
istics are considerably improved. 

Even in the case of the 57th embodiment, the optimal corxfition for the contrast was studied. Fig. 239 shows results 
of this study, which reveal that the optimum condition indicated by Rg. 239 was the same as illustrated in Fig. 220. 

Fig. 240 is a diagram showing the constitution of a Bquid crystal display device which is a 58th enr^odiment of the 
present inventioa This embodiment is different from the 52th embodiment in that a negative uniaxial films 95 are placed 
between the liquid aystal panel and the first polarizing plate 1 1 and that a positive uniaxial film 94 is placed between 
this negative uniaxial film 95 and the first polarizing plate 11. The positive uniaxial fim 94 is placed in such a manner 
that the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 1 1 at right angles. 

Fig. 241 shows isoHXXitrast curves in the case that the phase difference Ri in an irplane direction in the surface of 
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the positive uniaxial film 94 and the phase difference Rq in the direction of thickness of the negabve uniaxial film 95 are 
set at 1 50 nm in the 58th ennbodinrtent. Further. Fig. 242 shows viewing angle regions, in each of which gray-scale inver- 
sion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from the conparison with 
Figs- 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. Moreover, the range, in which 
5 the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are considefably 
improved. 

Even in the case of the 58th entiodiment. the optimal condition for the ctwrtrast was studied. Rg. 243 shows results 
of this study, which reveal that the optimum condition indicated by Fig. 243 was the same as illustrated in Rg. 220. 
Ptg. 244 is a dagram showing the constitution of a fiquid aystal display device which is an 59th embodiment of the 
10 present invention. 

This entodiment is cfifferent from the 52nd embodiment in that a phase difference fHm 96. whose inplane dielectric 
constantes and n^ and <fie*ectric constant n^ in the direction of thickness thereof have the following relation; nj^. n^ ^ 
n^. is placed between the fiquid crystal panef and the first polarizing plate 11 and that a positive imiaxial tarn 94 is 
renroved from between the Bc^jid crystal panel and the second pdarizing plate 15. The phase difference film 96 is 
15 placed in such a manner thai the x-axis thereof intersect with the absorptwn axis of the first polarizing plate 1 1 at right 
angles- 

Fig. 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lag axis of the phase dif- 
ference film 96. namely, n, ) ny and that the phase difference in an inplane direction in the surface of the fim and the 
phase difference in the direction of thid^ness thereof are set at 55 nm arxi 190 nm. respectively, in the S9th embodi- 
20 ment. Further. Rg. 246 shows viewing angle regions, in each of wKch gray-scale inverswn occurs during an eight-gray- 
scale^evel driving operation in such a case As s obvious from the comparison with Rgs. 214 and 215, a range, in 
which Kgh contrast is obtained, rs enlarged extensively. Moreover, the range, in which the gray-scale reversal occurs, 
is greatly reduced. Consequently, the viewing angle characteristks are considerably improved. 

Incidentally, quantities and Ry^ are defined as foltows: R ,y = (n - n y)d ; arxl R = (n ^ - n ^)d . In the case of 
25 the 59th embodiment the optimal condition for the contrast (ratio) was studied by changing the quantities R„ and 
in various ways. Rg. 247 shows the found optimal conditkjn for the contrast. The optimum condition shown m Rg. 247 
was the same as the aforementioned condition (of Rg. 220). except that Ro and R, correspond to R^ and FL^. respec- 
tively. These results reveal that the angles, at which the contrast ratio is 10, are not less than 39« when the quantities 
Rxy and Ry^ satisfy the foltow«g concfitions: 



30 



SO 



Rjjj - 250 nm s Ry^ 5 Rj^ + 150 nm. 



^-R„ + 1000 nm. 



^ OsRy^andO^R^. 

Incidentally, let Rq and denote the phase difference in an inplane direction of the phase diff^erence Um 96 and 
the phase dfference in the (firection of thickness thereof, respectively. Thus, the following relations hoW for these phase . 
differences: 

Ro = (n^ - ny)d = R„ - Ry^ ... (in the case that n^ ^ ny); 
Rq = (Hy- n Jd ■ Ry^ - R^^ -..(in the case thatny s n J; 

45 and 

Ryz = ((n^ + ny)y2 ■ n^)d = (R„ - Ry^)y2. 
Therefore, the optimal conditions for R^z and Ry^ are written as follows: 

R 0^250 nm. R^^SOOnm. 



Namely, it is desirable that the inplane phase difference is not nwe than 250 nm and the phase difference in the 
direction of thickness of the fim is not more than 500 nm and that the biaxial phase difference f flm is placed so that the 
55 phase lag axis thereof intersects with the absorption axis of the adjacent polarizing plate at right angles. 

As a result of stixjyirig the relation between the retardation An • d caused in a liquid crystal cell and the upper limit 
to the optima! condition by changing the retardation An • d in various way within a practical range, it was fourxi that the 
optimal condition for the phase dfference in an inplane direction was not more than 250 nm regardless of the retarda- 
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tion An • d caused in a liquid crystal cell. In contrast, the phase difference in the direction of thickness depends on the 
retardation An • d caused in a liqUd crystal cell; Fig. 248 shows the results of the study on the relaUon between the retar- 
dation An • d caused in a liquid crystal cell arxl the upper lin^t to the optimal range of the phase difference in the direc- 
tion of thickness of the film. Let l\c denote An -d caused in the liquid aystal. Consequently, it is concluded that the 
optimum value in the opting condition tor the phase difference in the direction of thickness of the phase difference film 
is not more than (1 .7xRlq + 50) nm. 

Irx^identally. the optimal concfition in the case of a configuration, in which a piuraFrty of phase difference films 96 
were placed in at least one of spaces formed between the liquid crystal panel and one of the first polarizing plate 1 1 
and the second polarizing plate 15. which were provided at one or both of sides of the liquid crystal panel, and between 
the liquid crystaJ panel and the other thereof was studied similarly. As a result it was found that the optimum condition 
was the case where the phase dWer ence in the inplane direction of each of the phase diff ^ence films 96 was not more 
tfun 250 nm and that a sum of the phase differences in the direction of thickness of the phase difference films 96 was 
not nx5re than (1 .7xRlc + 50) nnx 

Further, as a result of studying the optimal condition similarly by changing the twist angle in a range of 0 to 90". it 
was fourxl that the optimum corxftion was the same as the aforementioned requirement, 

A positive uniaxial fSm 

(n, > = n,), 

a negative uniaxial film 

(n, = ) n,) 

and a biaxial film (n^ ) ny ) nj are employed as the film 96. Namely, a single or a combination of such f flms may be 
used. 

In the foregoing description, there has been descn*bed the optimal conditions for the phase difference fflm in the 
case that alignment cfivision is p&formed in a pixel by providing rows of protrusions on the fiquid-crystal-side of each of 
the two substrates composing the fiquid crystal panel. However, ©/en in the case of performing the alignment division 
by using depressions or sfits formed in the pixel electrodes, the viewing angle characteristics can be tmproved on the 
simitar conditions. 

Further, in the present specifcation. the polarizing plates have been descrljed as ideal ones. Therefore, it is obvi- 
ous that the phase difference fmcidentaPy. the phase dfference in the Erection of thickness of the fflm is usually about 
50 nm) caused by a fim (namely. TAG (cellulose triacetate) fflm) protecting a polarizer should be synthesized with the 
phase difference caused by the phase cfifference film of the present invention. 

Namely, the provision o# the phase difference f Im may be omitted apparently by making TAG fflm meet the condi- 
tions according to the present ffiverrtioa However, in this case, needless to say. such TAG fflm performs as well as the 
phase difference film of the present invention, which shouW be added to the device, does. 

The embodiments in which the present invention is implemented in a TFT fiqukJ crystal cfisplay have been 
described. The present invention can also be implemented in liquid crystal displays of other types. For exanple. the 
present invention c»i be implemented in a MOSFET LCD of a reflection type but not of the TFT type or in a mode ising 
a dode such as a MIM device as an active device. Moreover, the present invention can be implemented m both a TFT 
mode using an amorphous siicon and a TFT mode using a polyaystalBne silicon. Furthermore, the present invention 
can k>e inplemented in not only a transmission type LCD but also a reflection type or plasma-addressffig type LCD. 

An existing TN LCD has a problem that it can cover only a narrow range of viewing angles. An IPS LCD exf^iting 
an improved viewing angle characteristk; has problenrre that a response speed it can offer is not Ngh enough and it can- 
not therefore be used to dispiay a motion picture. Implementation of the present invention can solve these problems, 
and realize an LCD exhibiting the same viewing angle characteristk; as the IPS LCD and offering a high response speed 
surpassing the one offered by the TN LCD. Moreover, the LCD can be realized merely by fomiing protrusions on sub- 
strates or slitting electrodes, and can therefore be manufactured readfly. Besides, the rubbing step arxi after-fubbing 
cleaning step which are required for manufacturing the existing TN LCD and IPS LCD become unnecessary. Since 
tt^e steps cause imperfect alignment an effect of improving a yieW and product reliability can also be exerted. 

Since the LCD offering a high operating speed and exhibiting a good viewing arigle characteristic can be realized, 
expansion of an applkation range including the application to a monitor substituting far the CRT is expected. 
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Claims 

1 . A liquid crystal disptay device comprising: a first substrate and a second substrate processed for vertical alignment: 
and a liquid crystal having a negative dielectric constant anisotropy and being sandwiched between said first and 
second sut)stra1es: orientations of said fiquid crystal being vertical to said first and second substrates when no volt- 
age being applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
applied and being oWique to said first and second sut)stratcs when an intermediate voltage lower than the fxede- 
termined voltage being applied. 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 
of said liquid crystals- 
said first donw regulating means comprising a first structure tor partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

wherein the liquid crystal in the proximity of said inclined surtaces being vertically oriented to said 
inclined surtaces when no voftage being applied, and azinujths of said liquid crystal far from said inclined sur- 
face being determined according to the azimuths of said liquid aystal in the proximity of said inclined surface 
when said intermediate voltage being applied. 

2. A liquid crystal cfisplay device according to daim 1 . wherein said first structure includes protrusions projected to a 
layer of said WqjUi crystal. 

3. A Squid crystal display device according to daim 2. wherein said protnsions are made of dielectric materials on a 
first electrode of said f'rst substrate. 

4. A liquid crystal dispby device according to daim 2, wherein pixel electrodes are formed on said second substrate, 
each of said protrusions extends straightly. and said protoisions are arranged in parallel to one another with a pre- 
determined pitch among them. 

5. A fiquid ayslal disptay device according to claim 4. wherein said predetermined pitch is equal to an anangement 
pitch of said pixel electrodes, said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions tadng to centers of said pixel electrodes. 

6. A liquid crystal cGsplay device according to daim 2. wherein pixel electrodes are formed on said secorxi substrate, 
said protrusions have point-fike figures arxl said protrusions are arranged at positions fadng to centers of said pixel 
electrodes. 

7. A liquid crystal cfisptey device according to daim 1. wherein said first structure indudes depressions depressed 
from a layer of said fiquid crystal. 

8. A liquid crystal dspiay device according to daim 7. wherein said depressions are provided under a first electrode 
of said first sUjstrate. and a surface of said first electrode partiaPy has inclined surfaces corresponding to said 
depressions. 

9. A liquid crystal dispiay device accorcfing to daim 7. wherein a fffst electrode of said first substrate indudes sifts 
operating as domain regulating means, said depressions and said sfits are mutually aftanged. 

1 0. A Bc^id CTystal display device according to daim 1 . wherein said first structure indudes protrusions projected to a 
layer of said liquid crystal and depressions depressed from said layer of said liquid crystal. 

11 . A liquid crystal dispby device according to claim 1 1. wherein said protrusions and sard depressions are mutually 
arranged in paraOel with a predetermined pitch. 

1 2. A liquid crystal cfisplay device according to claim 1 . wherein area of said indined surfaces In each pixel is less than 
50% of area of the pbtel. 

1 3. A liquid crystal display device according to daim 1 , wherein said second substrate comprising second domaki reg- 
ulating means for regulating azimuths of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device accjording to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surlace between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

15. A liquid crystal display device according to claim 13. wherein said second domain regulating means conprises a 
second structure for partially changing a contact surlace between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include depressions depressed from a layer of said liquid 
crystal. 

1 6. A liquid crystal display device according to claim 13. wherein said second donnain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, one of said first and second structures includes protrusions projected to a layer of said liquid 
crystal, and the other rtdudes depressions depressed from a layer of said liquid crystal. 

1 7. A Iquid crystal display device according to claim 1 3. wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate. arxS said first structure includes protrusions projected to a layer of 
said liquid crystal. 

1 8. A liquid crystal display device according to claim 13. wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate, and said first structure includes depressions depressed from a 
layer of said liquid crystal. 

1 9. A liquid crystal display device according to claim 1 3, wherein said second donwin regulating means conprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures respectively indude a pair of protaisions and depressions 
depressed from a layer of said liquid crystal. 

20. A liquid crystal display device according to daim 19, wherein said protrusions and depressions on each substrate 
are mutually arranged in paraflel v«^h pitches of one and three, said protrusions and depressions cA said first and 
second substrates are arranged in parallef to each other and are arranged so that said protrusions and depressions 
face wide spaces correspond ng to large pitch, and protrusions and depressions of different substrates respectively 
neighbor. 

21. A liquid crystal display device according to daim 13. wherein said first structure indudes depressions depressed 
from a layer of said liquid crystal, a first electrode of said first substrate indudes sGts. said second domain regulat- 
ing means comprises a second structure including depressions depressed from a layer of said liquid aystal and 
slits provided on a second electrode of said second sut)strate. 

22. A liquid crystal display device according to daim 21. wherein said depressions and sfits on each sutjstrate are 
mutually arranged in parallel with pitches of one and three, said depressions and slits of said first and second sut> 
strates are arranged in parallel to each other and are anranged so that said depressions and slits lace wide spaces 
corresponding to large pitch, and protrusions and depressions of (fifferent substrates respectively neighbor. 

23. A liquid crystal display device according to claim 13. wherein said second donrain regulating means conprises a 
second structure provided on said second substrate for partially changing a contact surface between said second 
sut>strate and said Hquid aystal to inclined sufaces. 

24. A liquid crystal display device according to daim 23. wherein said first and second structures are made of dilerectric 
materials on electrodes of said first arxf secorxf sut^strates. 

25. A liquid crystal display device according to claim 23, wherein said first and second structures are made of conduc- 
tive materials on electrodes of said first and second substrates. 

26. A liquid crystal display device according to daim 23. wherein said first and second structures are provided under 
electrodes of said first and second substrates, and surfaces of said electrodes partially have indined surfaces cor- 
responding to said first and secorvJ structures. 

27. A lic^id crystal display device according to daim 23. wherein said first and second structures are arranged perimet- 
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ric portions outside of display area in which no pixel exists. 

28. A liquid crystal display device according to daim 24. wherein said dielectric material forming said first and second 
structures is photosensitive resist 

29. A liquid aystal dispJay device according to daim 28, wherein said photosensitive resist is a novoiak resist. 

30. A liquid crystal display device according to ciaim 28. wherein said photosensitive resist is baked after a pattern is 
drawn. 

31 . A liqUd aystal display device according to daim 24. wherein the capacitance of said first and second structures is 
ten or less times larger than the capacitance df a layer of said liqi^ crystal located under or near said protrusions. 

32- A liquid crystal display device according to daim 24. wherein the specific resistance of said first and second struc- 
tures is equal or larger than the specific resistance of said liquid aystal. 

33. A liquid crystal display device according to ciaim 24. wherein said first and second structures indude protrusions 
projected to a layer of said liquid aystal, and said protrusions are made of material shielding vistole fight 

34. A liquid crystal display device according to daim 24. wherein said first and second structures indude protrusions 
projected to a layer of said liquid crystal, and said protrusions are provided with dents each having a slope in a lon- 
gitudnal direction. 

35. A liquid crystal display device according to daim 24. wherein said first and second structures indude protrusions 
prqected to a layer oi said liquid crystal, and juts each partly having a slope in a longitudinal direction are formed 
on said protrusions. 

36. A liquid crystal display device according to daim 24. whereki said first and second structures indude protrusions 
projected to a layer said liquid aystal, and cerrter portions of said protrusions are depressed. 

37. A liquid crystal display device according to daim 24, wherein said first and second structures indude protrusions 
projected to a layer of said fquid aystal. and said protrusions indude a pluraBty of small holes extending near to 
the surface of said electrodes. 

38- A Bquid crystal display device according to daim 24. wherein said frst and second structures ffidude ion absorotion 

atMlity. 

39. A liquid crystal display device according to daim 38. wherein said first and second structures are made of materials 
added with addition agent having ion absorption abiBties. 

40. A liquid crystal display device according to daim 24, wherein said first and second structures indude protrusions 
projected to a layer of said Bquid ayststf. and the surfaces of said protrusions is treated so as to be adapted for 
forming vertical afijpment films thereon. 

41. A liquid aystal cfeplay device according to daim 40. wherein saki surface treatment to the surfaces of said protru- 
sions is effected fa forming ruggedness. 

42. A liquid crystal display device according to daim 40. wherein said protrusions are made of resist and said surface 
treatment to the surfaces of said protrusions is effected for irradiating with ultraviolet rays to the surfaces of said 
protrusions. 

43. A Bquid crystal display 6&nce according to daim 40. wherein said protrusions are made of materials in which par- 
ticulates are cfispersed. 

44. A liquid crystal display device according to daim 40, wherein silane coupling agent is coated on the surfaces of said 
protrusions. 

45. A liquid aystal display device according to daim 24. wherein said first and second structures are formed by print- 
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ing. 

46. A liquid crystal display device according to daim 24. wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a diameter of spherical spacers difining a thickness of said layer of sa liq- 
uid crystal is a difference subtracted a height of said protrusions from a desirable thickness of said liquid crystal 
layer. 

47. A liquid aystal display device according to daim 46. wherein a ratio of area of said protrusions with respect to dis- 
play area is between 1/10 to 1/2. said spacers have a partide size distribution whose standard deviation is 0.1 to 
0.3 rnicrometers. and said spacers are dispersed with a density of 300 partides per square milKmeler. 

48. A liquid aystal cfisplay device according to daim 46. wherein hardness and elastic nxxlulus of the material forming 
said protrusions are larger than those of said spacers. 

49. A fiquid crystal display device according to daim 24. wheran said first and second structures indudes at least one 
layer simultaneously formed with other portwns of the device. 

50. A liquid aystal display device according to daim 49. wherein one of said first and second structures, which is on a 
TFT substrate on which adive elements are formed, indudes at least one ffisulating layer for insulating said active 
elements or bus Ikies. 

51. A fiquid aystal display device accading to daim 49. wheran one of said first and second structures, which is on a 
color titer (CF) substrate tacB>g a TFT substrate on whkrfi active elements are formed, indudes protrusions pro- 
jected to a layer of said iquid crystal, and said protrusions on said CF substrate is made of materials same as mate- 
rials of Wack matrices for shieiding fight at boundaries between pixel electrodes and bus fines or portions of active 
elements. 

52. A Bqifld aystal display device according to daim 51 , wherein one of said first and second structures, which is on a 
color titer (CF) substrate facing a TFT substrate on whfoh active elements are formed, indudes protrusions pro- 
jected to a layer of said liquid crystal, and said protrusions on said CF substrate are formed by piling at least one 
material of color f tfters. 

5X A fiquki aystal cfisplay dance according to daim 51 . wherein one of said first and second structures. wNch is on a 
color titer (CF) substrate fadng a TFT sUjstrate on whidi active elements are formed, indudes protasions pro- 
jected to a byerof said fic^ crystal, said protrusfons on said CF substrate are formed by photo lithogr^jhy with a 
mask conesponding to pded portions of at least two cotor filters. 

54. A fiqiid aystal display device according to daim 51 . wherein one of said first and second structures, which is on a 
color titer (CF) substrate facing a TFT substrate on whk^i active elements are formed, indudes protrusions pro- 
jected to a laya of said SquicI crystal, an electrode of said CF sulsstrate is formed on color filtefs, and said protru- 
sions on said CF substrate are formed at boundaries of said color filters. 

55. A fiquid crystal display device according to daim 23, wherein a part of said first and second structures are arranged 
at a perimeta of each pixel. 

56. A liquid crystal display device according to daim 55. wherein said first and second structures ananged at a perim- 
eta of each pixel are made of n^terial shielding light 

57. A liquid crystal display device according to daim 55. wheran said first and second structures ananged at a perim- 
eta of eadi pixel define a thickness of a laya of said liquid crystal, 

58. A fiquid crystal display device according to daim 55. whaein the perimeta at which said first and second structures 
are arranged is a part of whole perimeter of each pixel. 

59. A liquid crystal display device according to daim 23. whaein at least one of said first and second structures 
indudes protrusions projected to a laya said liquid aystal. height of said protrusions is equal to a desirable Ihidi- 
ness of a laya of said liquid aystal. 
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60. A liquid aystal display device according to daim 23. wherein said first and second structures indudes protrusions 
projected to a layer of said liquid crystal, a sum of height of said protrusions of said first and height of said protru- 
sions of said second structures is equal to a desiratrfe thickness of a layer of said liquid crystal. 

61 . A liquid aystal display device according to claim 13. wherein said second domain regulating means indudes slits 
provided on a second electrode of said second substrate. 

62. A liquid aystal display device according to claim 61. wherein said second electrode consists of pijtel electrodes, 
and each pixel electrode comprises partial electrodes divided by said slits and electrical connection portions elec- 
trically connecting said partial dectrodes. 

63. A liquid aystal display device according to claim 62, wherein said eledrical connection portions are arranged at 
perimeter of said pixel electrode 

64. A liquid crystal (fisplay device according to daim 62. oorrprising light shield means for shielding a part of said elec- 
trical connection portk>ns. 

65. A liquid aystal display device according to daim 62. wherein said second donrrain regulating means indudes pro- 
trusions higher than surfaces of saki pixel electrodes and arranged inside said slits. 

66. A bquid aystal display device according to daim 13, wherein said first structure is an array of protrusions (tanks) 
or depressions (grooves) each extending straightly. said protrusions or depressions are arranged in parallel to one 
another with a predetermined pitch among them, second domain regaling means indudes an anray of protrusions 
or depressk>ns or slits each extending straightly. said protrusions, depressions or slits are ananged in parallel to 
one another with said predetennined pitch among them, said predetermined pitch is less than an arrangement 
pitch of said pixel electrodes. 

67. A liquid crystal cfisplay device according to daim 13. wherein said first structure is a pair of arrays of protnjsions 
(banks) or depressions (grooves) each extending straightly, said protnisions or depressions are arrariged in parallel 
to one another with a predetemrtined pitch among them, second domain regUating means indudes a pair of arrays 
of protnisions or depressions or slits each extending straightly. said protneions. depresswns or sfits are ananged 
in paraQel to one another with a predetermined pitch among them, directions in which said protruswns or depres- 
sk)ns or slits of said pairs extend are different to each other, and said predetermined pitches are less than an 
arrangement pitch of said pixels. 

68- A Ik^uid crystal display device according to daim 67, wherein sakJ directions in which said protrusions or depres- 
sk>ns or slits of said pairs extend are mutuady dHferent t>y 90 degrees. 

69. A liquid crystal display device accorcfing to daim 67. wherein said first structure indudes protrusions, sakj second 
domain regulating means kKludes protneions or slits, protrusions or slits of one of said pairs are rrujtually offs« by 
a half of said predetenntned pitch, protmsions or slits of the other of said pairs are a little offset from a state in which 
said protrusions or slits face. 

70. A liquid crystal display devce according to any one of daims 66 to 69, wherein saki predetermined pitch is an inte- 
gral submultiple of arrangement pitch of said pixels. 

71. A Bquid aystal display devrce according to daim 13, wherein said first structure is an anray of protrusions (banks) 
or depressions (grooves) each extending in one cfirection and being bent in zigzag at intervals of a predetennined 
cyde. said protrusions or depressions are arranged in parallel to one another with a predetermined pitch among 
them, second domain regulating means indudes an array of protrusions or depressions or slits each extending in 
one directwn and b&ng bent in zigzag at intervals of said predetermined cycle. sakJ protrusions, depressions or 
slits are ananged In paraael to one another with said predetermined pitch anwng them. 

72. A Ik^ukJ aystal display device according to daim 71, wherein pixel electrodes are bent in zigzag, and patterns of 
saki protrusior^. depressions or slits conespond to sakf pixel electrodes. 

73. A Ikiuki aystal display device accorcSng to daim 71. wherein bus lines are partially bent in zigzag and in corre- 
spondence to the patterns of said pixel electrodes. 
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74. A liquid crystal display device according to claim 71 . wherein a pattern of each pixel electrode is almost a square. 
arxJ pixel electrodes ey adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid CTystal display device according to claim 74. wherein data bus lines extend in zigzag alor^g with edges of 
said pixel electrodes. 

76. A liquid aystal display device according to claim 71 . wherein said predetermined pitch is an integral submultiple of 
said pixels. 

77. A liquid aystal display device according to daim 76. wherein said predetemfwied cyde is an integral subn^jltiple of 
said pixels. 

78. A liquid aystal display device according to any one of claims 66. 67 or 71 . wherein said first structure indudes pro- 
trusions, said second domain regulating means indudes protrusions or slits, said protrusions of said first strudure 
arxi said protrusions or siits of said second domain regulating means are offset by a half of said predetermined 
pitch. 

79. A liquid aystal display device according to any one of claims 66. 67 or 71 . wherein said first structure indudes pro- 
trusions, said second domain regulating means indudes protrusions or slits, said protrusions of satd first structure 
and said protn^ions or sfits of said second domain regulating means are offset from a state in which said protru- 
sions or slits face, and said offset is fully smaller than said predeternvned pitch. 

80. A liquid crystal display device according to any one of daims 66. 67 or 71. wherein said first strudure indudes 
depressions, said second domain regulating means indudes depressions, said depressions of said first strudure 
and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81. A liquid crystal cfisplay device acoxding to any one of datms 66, 67 or 71, wherein said first strudure indudes 
depressions, said second domain regulating means indudes protrusions or sfits. said depressions of said first 
structure and said profrusions or slits of said second domain regulating means are arranged to face to each other 

82. A liquid aystal display device according to daim 1 , wherein said first structure indudes protruaons, a fiquid crystal 
injection port through which said liquid crystal in ir^ected into a gap between said first and second substrates is 
located on a side of said device vertical to a direction in which said protrusions are extending. 

83. A liquid aystal cfisplay device aoxjrding to daim 82. wherein exhaust ports thro^ 

exhausted from the gap wtwi said liquid crystal is injeded are located on a side opposite to the side on wfwh said 
liquid crystal irijection port is located. 

84. A liquid crystal display device according to daim 82, wherein an electrode used to apply a voltage to said liquid 
crystal and having no relation to (fisplay is formed near said liquid aystal injection port. 

85. A liquid crystal tfeplay device according to daim 23. wherein said first stnjcture indudes protrusions formed with a 
two-dmefisional lattice, said secorxl structure indude point-like protrusions respectively facing centers of each 
frame element of said two-dimensional lattice 

86. A liquid aystal display device according to daim 85. wherein at least one of arrangement pitches of said two- 
dimer^'onal lattice is smaller than one of arrangement pitches of pixel electrodes. 

87. A liquid crystal display device according to daim 85, wherein arrangement pitches of said twa<fimensional lattice 
coincide with an^ngement pitches of pixel electrodes, 

88. A liquid crystal display device according to daim 86. wheren said protrusions having said two-dimensional lattice 
form are arranged on tKxmdaries of pixel electrode on a TFT substrate on wfiich active elements are fomwd, and 
said point-like protrusions are arranged on a color filter substrate tadng said TFT sutjstrate so that each point-Dke 
protrusion faces to a center of each pixel electrode. 

89. A liquid aystal display device according to daim 23, wheran said first and second structures indudes a plurality of 
groups each having protrusions extwxling atong edges of rectangulars of similar figures and of different sizes, and 
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said protrusions are mutually arranged so thai centers of respective rectangulars coincide to each other. 

90. A liquid crystal display device according to daim 89. wherein said rectangulars are similar to said pixels, a maxi- 
mum size of said reaargutar coincides with that of each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. 

91. A liquid crystal display device according to daim 13. comprising auxiliary domain regulating means an-anged 
perimeters of each pixel for generating orientation regulation force in a cfirection different from the direction of ori- 
entation regulation force by the electric field generated in a non-display region. 

92. A liquid aystal dsplay device according to claim 91 , wherein said auxiliary domain regulating means is ananged 
along a part and tn the neighborhood of an edge of said pixel. 

93. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
protrusions projected to a layer of said liquid crystal, pixel electrodes are provided on said first substrate, a counter 
electrode is provided on said second electrode, and at the edges of each pixel electrode extending in parallel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode inside said pixel electrode are 
located on said second substrate, and the protrusions nearest to the pixel electrode outside said pixel electrode are 
located on said first substrate. 

94. A liquid CTystal display device according to daim 93. wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
aaays of protrusions projected to a layer of said liquid crystal, arxi in said array of protrusions, at least one repeti- 
tion condition of the array such as the width of the protrusions, the interval between adjacent protrusions arxJ the 
height of the protrusions indudes at least two cfifferent values. 

96. A liquid crystal display device acconcfing to daim 95. wherein the interval between adjacent protrusions is smaller 
in the neighborhood of the bus line than at the central portion of the pixel. 

97. A fiquid crystal display device accorcfing to daim 95. wherein a plurality of pixels constitute a srt pixels, at least 
one of the width of the protrusions, the interval between adjacent protrusions and the height of the protrusions is 
different among a ptir^ of pixels constituting each set of pixels, and the width of the protrusions, the interval 
between acgacent protnsiors and the height of the protrusions are fixed in each pixel. 

98. A liquid crystal display device accortfing to claim 97. wherein the thickness of the layer of said liquid crystal is dif- 
ferent at the plurafity of pixels constituting the set. t) 

* 

99. A liquid aystal display device according to daim 23, wherein said first and second domain regulating means are 
arrays of protrusions projected to a layer of said liquid aystal. and said array of protrusions indudes periocfically- 
repeated protrusions having two or more different values of side surface inclination angles (taper angles). 

1 00J\ liquid crystal display device according to daim 99. wherein a plurality of pixels constitute a set of pixels, the side 
surface indination angle of a protrusion is varied from one pixel to another in each pixel set and the side surface 
indination angle of the protrusion in each pixel is fixed. 

1 01 J< liquid crystal display device accordng to daim 13. comprising auxitiary electrodes (CS electrodes) for forming a 
storage capacitor with pixel electrodes, wherein said auxiliary electrodes are formed along of said domain regulat- 
ing means. 

102JV liquid aystal display device according to claim 13. comprising Gght shielding patterns provided along of said 
domain regulating m^ns. 

103.A liquid crystal cfisplay device according to claim 13. wherein said first stnjcture is a first an^y of protrusions 
(banks) each extending straighHy in a first direction, said protrusions are ananged in parallel to one another with a 
predetermined first pitch among them, said second domain regulating means indudes a second array of protru- 
sions or slits each extencfing sb^aightly in a second direction different from the first direction, said protrusions or slits 
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are arranged in parallei to one another wrth a predetermined second pilch among them. 

1 04. A liquid crystal display device according to daim 103. wherein additional protrusions or slits are further provided at 
centers of frames, wt^ch are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusior^ or slits, on either of said first or second substrate. 

1 05. A liquid aystal display device according to daim 1 04. wherein said addrticral protrusions or slits have figures sim- 
ilar to the frames. 

1 06^ liquid aystal display device according to claim 1 03. wherein said first array of protrusions and said second array 
of protrusions or slits are aossed at right angle when vertically seen to the substrates. 

1 07^ liquid aystal display device accotding to daim 103. wherein a sum of a thicknesses of said protrusion of said first 
array arxl a thidoiesses of said protrusion of said second array is equal to the thickness of a layer of said liquid ays- 
tal. and aossing portions of said protrusion of said first arxJ secorxJ arrays operate as spacers, 

1 08.A liquid aystal display device according to claim 13. wherein said first structure indudes protrusions formed with a 
first two-dimensional lattice, said second domain regulating means indudes protrusions or slits formed with a sec- 
ond twtMjimensional lattice having same array pitches as those of said first two-dimensional lattice, and said first 
and second twodimensionai lattices are offset by half pitches of said array pitches. 

1 09^ liquid aystal display device according to claim 1 08, wherein aossing portions. whk:h are fomied when verticany 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
onnitted. and said protrusions or slits of said first and second arrays are internitten. 

110^ liquid aystal cfisplay device according to daim 23, wherein said first and second structures indude protrusions 
(banks) of dielectric materials each extending straightly in one direction, said protrusions are arranged in parallel 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of skspes of said protrusions. 

1 1 1 .A liquid crystal display device according to daim 1 10. wherein said dielectric niaterials forming said protrusions 
passes visual fight 

1 1 2jMiquid aystal <Ssp!ay device according to daim 1 1 0. wherein said protrusions of different substrates are arranged 
so tfiat stopes of said protnsions on which no electrode is formed are nearer to each other. 

1 1 3^ liquid aystal display device conprising: a first substrate and a second substrate processed for vertical alignment: 
and a Squid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second sUjstrates; orieniations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said f rst and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates wtien an intermediate voltage lower than the 
predetermined voltage being applied, 

said first and second siijstrates comprising first and second domain regulating means for regulating azimuths 
of the obTique orientatiors of said liquid aystal; 

said first domain regulating means indudes a first array of protrusions (walls) each extencfing straightly in a frst 
direction, said protrusions are arranged in parallel to one another with a predeteonined first pitch among them; 
said second domain regulating means indudes a second array of protrusions or slits each extending straightly 
in a second direction cfifferent from the first direction, said protrusions or slits are arranged in parallel to one 
another with a predetermined second pitch anwng them. 

1 1 4.A liquid aystal^isplay device according to daim 11 3, wherein additional protrusions or slits are further provided at 
centers of frames, wNch are famed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or second substrata 

1 1 SA liquid aystal display device according to daim 1 1 4. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 
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1 1 6.A liquid aystal dispiay oe^'ice according to claim 1 1 3. wherein said first array of protrusiofB and said second array 
of protrusions or sirts are crossed at right angle when vertically seen to the substrates. 

1 1 7-A liquid crystal dispiay device comprising: a first substrate and a second substrate processed for vertical afi^ent; 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said frsf and 
second sUjstrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an inteonediate voltage lower than the 
predetermined voftage being applied. 

said first and second sutjstrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid crystal; 

said first domain reguiating means includes an array of protrusions (banks) or depressions (grooves) or slits 
each extending in a direction and being bent in zigzag at intervals of a predetenmined cyde. said protnjsions 
or depressions are arranged in parallel to one another with a predeterrrwed pitch among them; - 
second domain regiiating means indudes an array of protojsions or depressions or sfits each extending in 
said direction and being bent in zigzag at Intervals of sakJ predetennined cycf e. said protrusions, depressions 
or sfrts are arranged in parallel to one another with said predetermined pitch among them. 

1 1 8 J\ liquid crystal display device according to claim 1 1 7. wherein said predetennined pitch is an integral submuHiple 
of said pixels. 

1 1 9JK liquid crystal display dence according to ciaim 1 1 7, wherein said predetermined cyde is an integral submuftiple 
of said pixels. 

1 20^ liquid crystal display device according to claim 1 1 7. wherein said protmsions or depressions or slits of said first 
and secons substrates are offset by a haH of said predetermined pitch. 

1 21 J< liquid crystal cfisplay device, characterized by corrprising: 

a Bqud crystal panel in which a liqwd crystal having a negative dielectric constant anisotropy is sandwiched 
between two siijstrates, namely, upper and lower substrates on the surfaces of which a vertical aTignment 
treatment is pefformed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no vottage is appBed across said fKiuid CTystal, and are neariy horizontal when a 
said liquid cryst^ and are nearly oblique when a voWage being less than a predelenmied voKage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said t¥wo sU>- 
strate and in vvhich, when a voltage being less than the predetenmined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique afignment is caused in a plurality of directions in each 
pixel; 

first and second pdariring plates placed at both sides of said Equid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

at least one phase difterence film havhg optically irplane positive uniaxiality. placed m at least one of spaces 
formed between said iquid aystal panel and one of said first and second polarizing plates, which are provided 
at one or both of the sides of said fiquid crystal panel, and between said liquid crystal panel and the other 
thereof. 

1 22^ liquid crystal display device, characterized by corrprising; 

a liqiid crystal pariel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two sitetr^es. namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is perfomied. and in which orientations of said fiquid aystal are nearty vertical alignment to said sub- 
strates when no votege is applied across said liquid crystal, and are nearly horizontal when a voltage is 
appfied across said iiqUd crystal, and are nearty oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisfing of one of or a com- 
bination of protrusions, depressions and slits fbmied in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voHage being less than the predetenrrined voltage is applied across 
said liquid aystal. said Bquid aystal is regulated so tfiat the oblique alignment is caused in a plurality of direc- 
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tions in each pixel: 

first and second po*ariring plates placed at both sides of said liquid crystal panel so thai absorption axes 
thereof intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid aystal panel and one of said first and sec- 
ond polarizing plates. *tiich are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panei and the other thereof. 

123.A liquid crystal display device, characterized by conprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientatior« of said liquid crystal are nearly vertcal to said substrates 
when no voltage is appfied across said liquid crystal, and are nearly horizontal when a voltage is app(ied aaoss 
said liquid crystal, and are nearly oblique when a voltage being less than a predetermined voltage is applied 
aaoss said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetemiined voltage is applied across said liquid 
aystal. said liquid aystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel: 

first and second polarizing plates placed at both sides of said Bquid aystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase differerKe fim having optically inplane positive uniaxiality. placed between said liqud crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase tfifference film having optically negative uniaxiafity in a direction of thickness thereof, placed 
between said liquid crystal panel and said second polarizing plate. 

1 24 Ji liquid aystal display device, characterized by conprising: 

a Bqiid aystal panel in which a liqud crystal having a negative cfietectric constant anisotropy is sarxJwiched 
between two siijstrates. namely, upper and lower substrates on fte surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said fiquid aystal are nearly vertical alignment to said sub- 
strates when no vottage is applied across said liquid aystal. and are nearly horizontal when a voltage is 
applied aaoss said liquid aystal. and are riearty oblique when a voltage less than a predetermined volt- 
age IS applied aaoss said Tiquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protmsions. depressions and slits fornied in electrodes is provided on a sulace of at least one of 
said two substrate and in which, when a voltage being less than the predetennined voftage is applied aaoss 
said liquid aystal. said liquid aystal is regulated so that the oblique alignment is caused in a plurafrty of direc- 
tors in each pixel; 

first and seosnd polarizing plates placed at both sides of said Bquid aystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference f*n having optically inplane positive uniaxiafity. placed between said Bqiid crystal panel 
and said first polarizing plate so that a phase lag ax© thereof intersects with the absorption axis of said first 
polarizing plate at right angles: and 

a second phase difference film havmg optically negative uniaxiafity in a direction of thickness thereof, placed 
between said first phase difference film and said first polarizff^g plate. 

1 25JK liquid aystal display device, characterized by conprising: 

a BqUd crystal panel in which a liquid aystal having a negative cfielectric constant anisotropy is sandwiched 
between two sitetrates. namely, upper and tower sii>strates on the surfaces of which a vertical alignment 
treatment is perfonned. and in which orientations of said liquid aystal are nearfy vertical alignment to said sub- 
strates when no voltage is applied across said liquid aystal. and are neariy horizontal when a voltage is 
appfied aaoss said liquid aystal. and are neariy oblique when a voltage beng less than a predetermined volt- 
age ts applied aaoss said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and sTits lonmed in electrodes is provded on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
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said liquid aystal. said liquid aystal is regulated so thai the oWique alignment is caused in a plurality of direc- 
tions in each pixel: 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect wrih each other at right angles: 

a first phase differerx:e film having optically inplane positive uniaxiality. placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis the-eof intersects with the absorption axis of said first 
polarizing plate at right angles: and 

a second phase differefTce film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said first polarizing plate. 

1 26^ liquid aystal display device, characterized by comprising: 

a fiqiid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two sU>strates. namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said Gquid aystal are neariy vertical alignment to said sub- 
strates when no voltage is applied aaoss said liquid crystal, and are neariy horizontal when a voltage is 
applied aaoss said Bquid aystal. and are neariy oblique when a voltage being less than a predetermined voH- 
age is applied aaoss said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two sii>strate and in which, when a voltage being less than the predetermined voltage is applied aaoss 
said Gquid aystal. said liquid aystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel: 

first and second pdarizing plates placed at both sides of said Bquid aystal panel so that absorption axes 
thereof intersect with each other at right angles: 

at least one of phase difference fSnre. whose inplane dielectric constantes n^ and ny and cfielectric constant n^ 
in a direction of thickness thereof have the following relation: n,. ny ^ n^. wNch is placed in at least one of 
spaces between said Bqiid crystal panel and one of said first and second polarizing plates and between said 
liquid crystal panel and the other thereof. 

1 27 liquid aystal display device, characterized by conrprising: 

a Squid crystal panel in which a liquid aystal having a negative dielectric constant anisotropy is sandwiched 
between two siijstrates. namely, upper and lower substrates on the surfaces of which a vertical aTignment 
treatment is performed, and in which orientatiorK of said fiquid aystal are neariy vertical alignment to said sub- 
strates when no voltage is applied aaoss said liquid crystal, and are neariy horizontal when a voltage is 
appfied aaoss said Bqiid crystal, and are neariy oblique when a voltage being less than a predetermined volt- 
age is applied aaoss said liquid crystal, and in which, when a voltage being less than the predetermined voH- 
age is applied aaoss said fiquid crystal, said liquid aystal is regiiated so that the oblique alignment is caused 
in a plurality of cfirections in each pixel; 

fiist and second polarizing plates placed at both sides of said Bquid aystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

at least one phase difference f flm having optically inplane positive uniaxiality. placed in at least one of spaces 
farmed between said Bquid aystal panel and one of said f irst and second polarizing plates, which are provided 
at one or both of the sides of said Bquid aystal panel, and between said liquid crystal panel and the other 
thereof. 

1 28^ liquid aystal display d^e. characterized by comprising: 

a Bquid aystal panel in virtiich a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two sU>strates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in wWch orientations of said liquid aystal are neariy vertical alignment to said sub- 
strates when no voltage is applied aaoss said liquid crystal, and are neariy horizontal when a voltage is 
appfied aaoss said liquid aystal. and are neariy oblique when a voltage being less than a predetermined volt- 
age is appfied aaoss said liquid aystal. and in which, when a voltage being less than the predetermined volt- 
age is appfied aaoss said fiquid crystal, said fiquid aystal is regulated so that the oblique alignment is caused 
in a plurafity of c£rections in each pixel; 

first and second polarizing plates placed at both sides of said fiquid aystal panel so that absorption axes 
thereof intersect with each other at right angles; and 
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at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
orxJ polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

1 29.A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 
substrates of which the surtaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is appRed. oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined vohage is applied, wherein one of said two pieces of color fitter 
substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support mentier for each of the regions; 
a transparent electrode fooped on said color deconposition f Bters; and 
a light-shieldng fim formed at any position on said transparent electrode, 

1 30J< liquid crystal display device in which negative-type fiquid crystal is held between an upper and lower substrates 
of which the surfaces are vertically oriented, said liquid crystal is oriented nearly vertically when no voltage is 
applied, oriented nearfy horizontally v^rhen a predetermined voltage is applied, and are oriented aslant when a volt- 
age smaller than said pred^ermined voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin nuxed to the liquid crystal is less than 1/1000. 

131^ liquid crystal display devk;e accordkig to daim 130. wherein each contamination element of the ntixed poly- 
urethane or skin has an area smaller than 5 x by 5 nm. 

1 XLA process for producing a sUjstrate for verticafly oriented liquid aystal display having, on the surface thereof, a pro- 
trusion that works as a domain regulating means to so restrict that said liquid crystals are oriented in a plurality of 
aslant cS rection in each pbtd when a voltage smafler than a predetermned voltage is appfied. comprising: 

a step of forming a protnjsion after electrodes have been formed on the surface of said substrate; 

a step of treating the surface of said protrusion to facflifate the fornation of a vertical alignment f Bm; and 

a step of forming a vertical afignment film on the surface of said substrate on which the electrodes have been 

formed, of which the surface has been treated, and which hdudes said protrusion. 

1 33JK process for producing a siijstrale for verticafly oriented liquid crystal display according to daim 1 32. wherein rug- 
gedness is formed on the surface of said protnjsion by a plasma ashing treatment in the step of treating the surface 
of said protrusion. 

1 34^ process for producing a siijstrate tor vertically oriented liquid crystal display according to daim 132. wherein rug- 
gedness is formed on the surface of said protrusion by an ozone ashing treatment in the step of treating the surface 
of said protrusion. 

1 35^ process for product a siijstrate for vertically oriented liquid crystal dispfay accorcfing to daim 1 32. wherein rug- 
gedness is formed on the surface of said protrieion by washing with a brush in the step of treating the surface of 
said protrusion. 

1 36 J\ process for produdng a sU>strate for vertically oriented liquid crystal display according to daim 1 32. wherein rug- 
gedness is formed on the surface of said protrusion by rubbing in the step of treating the surface of said protrusion. 

1 37^ process for produdng a sU)strate for verticaPy oriented liquid crystal dispfay according to daim 1 32. wherein said 
protrusion is irradiated wrth ultraviolet rays in the step of treating the surface of said protrusion. 

138J\ process for produdng a ai^strate for vertically oriented liquid crystal display accorxfing to daim 132 wherein 
sifane coupling agent is coated onto the substrate on which said protrusions are fonned in the step of tr^tinq the 
surface of said protrusiorcs. 

1 29 A process for produdng a substrate for vertically oriented Bquid crystal display according to daim 1 3a wherein said 
protrusions are treated to foam in the step of treating the surface of said protrusions. 
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1 40.A process for producing a substrate for vertically oriented liquid crystal display according to daim 139. wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surlace of said protrusions. 

141 .A process for producing a substrate for vertically oriented liquid crystal (fisplay having, on the surlace thereof, pro- 
trusions that work as dorroin regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin; 
a step of forming the resin into protaisions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

1 42.A process for producing a substrate for vertically oriented liquid aystal <feplay having, on the surface thereof, walls 
that wrk as donr^in regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a voltage is applied, coirprising: 

a step of forming sets of two walls neighljoring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof; and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

1 43 J\ process for produdr^g a color rdter substrate that is used as one of the two pieces of substrates for a liquid aystal 
display device in which iquid aystals are oriented nearly vertically when no vottage is applied, oriented nearly hor- 
izontally when a predetermined vottage is applied, and are oriented obfique when a vottage smaller than said pre- 
determined voltage is appBed. said color fflter sUsstrate having plural kkxJs of color deconposrtion fitters formed on 
a transparent support member for each of the regions, comprising: 

a step of successivefy forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other anx»ng said plural kinds of color deconposition filters; 
a step of applying a positive-type photosensitive resin; and 

a step of devetoping said negative-type photosensitive resist after said positive-type photosensitive resist is 
exposed, through said colored mennbers, to light with whkh said posftive-type photos^tive resist is photo- 
sensitized, said fight having a wavelength that transmits very less through the portion where said two or more 
color decomposition ftters are superposed than through other portwns. 

1 44 J\ process for producing a color fifter substrate according to daim 1 43. further comprising a step of fonnng a trans- 
parent and flat layer after said plural kinds of cotor decomposition filters have been formed. 

145^ process tor produdng a color filter substrate according to daim 143. wherein saW positive-type photosensitive 
resist has light-shielding property. 

1 46 J\ process for producing a color fater substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which fiquid crystals are oriented nearly vertically when no voltage is appfied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termined voltage is appfied, said color fBter substrate having plural kinds of color deconposition filters fomied on a 
transparent support member for each of the regions, conprising: 

a step of forming plural kinds of cola decomposition filters on the transparent support ment)er for each of the 
regions; 

a step of forming a transparent electrode on said color decomposition filters; and 
a step of forming a light-shielding film at any position on said transparent electrode. 

147J\ process for produdng a color filter substrate according to daim 146. wherein said step tor forming the light- 
shielding film conrprises: 

a step of applying a photosensitive resist onto said light-shielding fim which indudes said transparent elec- 
trode; 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern: and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protaision. 

process for producing a color fiHer substrate according to daim 1 46. further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shiekfing film after the step of forming sakj Bght-shieUing f am; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive resist has 
been exposed to light tfrough said Bght-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding fflm after the developing: 
wherein said photosensitive resist left on said light-shieWtng film works as an insulating protrusion. 
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